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ABSTRACT
We present a comparison of star formation rates (SFR) determined from
mid-infrared 7.7 µm PAH luminosity [SFR(PAH)], from 1.4 GHz radio lumi-
nosity [SFR(radio)], and from far ultraviolet luminosity [SFR(UV)] for a sample
of 287 starburst galaxies with z < 0.5 having Spitzer IRS observations. The
previously adopted relation log [SFR(PAH)] = log [νLν(7.7 µm)] - 42.57±0.2,
for SFR in M⊙ yr
−1 and νLν(7.7 µm) the luminosity at the peak of the 7.7
µm PAH feature in ergs s−1, is found to agree with SFR(radio). Compar-
ing with SFR(UV) determined independently from ultraviolet observations of
the same sources with the GALEX mission (not corrected for dust extinction),
the median log [SFR(PAH)/SFR(UV)] = 1.67, indicating that only 2% of the
ultraviolet continuum typically escapes extinction by dust within a starburst.
This ratio SFR(PAH)/SFR(UV) depends on infrared luminosity, with form log
[SFR(PAH)/SFR(UV)] = (0.53±0.05)log [νLν(7.7 µm)] - 21.5±0.18, indicat-
ing that more luminous starbursts are also dustier. Using our adopted rela-
tion between νLν(7.7 µm) and Lir, this becomes log [SFR(PAH)/SFR(UV)]=
(0.53±0.05)log Lir - 4.11±0.18, for Lir in L⊙. Only Blue Compact Dwarf galax-
ies show comparable or greater SFR(UV) compared to SFR(PAH). We also find
that the ratio SFR(PAH)/SFR(UV) is similar to that in infrared-selected star-
bursts for a sample of Markarian starburst galaxies originally selected using op-
tical classification, which implies that there is no significant selection effect in
SFR(PAH)/SFR(UV) using starburst galaxies discovered by Spitzer. These re-
sults indicate that SFRs determined with ultraviolet luminosities require dust
corrections by a factor of ∼ 10 for typical local starbursts but this factor in-
creases to > 700 for the most luminous starbursts at z ∼ 2.5. Application of this
factor explains why the most luminous starbursts discovered by Spitzer at z ∼
2.5 are optically faint; with this amount of extinction, the optical magnitude of
a starburst having fν(7.7 µm) of 1 mJy should be V ∼ 25.6.
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1. Introduction
The evolution of star formation in the universe is described by determining the total
luminosity density arising from young stars as a function of redshift (e.g. Madau et al. 1998;
Haarsma et al. 2000; Calzetti et al. 2007). Various studies have attempted to measure cosmic
evolution of this star formation rate (SFR) by locating galaxies using ultraviolet, optical,
and near-infrared techniques (e.g. Martin et al. 2007; Le Floc’h et al. 2005; Mannucci et al.
2007; Weedman and Houck 2008). Because star-forming galaxies are discovered in various
ways, it is vital to compare various methods for measuring the SFR in a galaxy. The
galaxies which we are studying in the present paper have their observed multiwavelength
spectral characteristics determined primarily by on-going, luminous star formation. For this
reason, we use the classification ”starburst galaxies”, or ”starbursts”. The starbursts which
we include have SFRs ranging from ∼ 0.1 M⊙ yr
−1to ∼ 1000 M⊙ yr
−1.
Initial determinations of the evolution of SFR in the universe were based on optical
observations which reveal rest-frame ultraviolet luminosities of starbursts at high redshifts
(Madau et al. 1998). Uncertain corrections for extinction are the greatest limitation of such
studies, and the significance of dust obscuration has become increasingly emphasized by the
large populations of starbursts being discovered among the dusty sources found by the Spitzer
Space Telescope (Spitzer). These ”dust obscured galaxies” (Dey et al. 2008) are revealed
in various surveys at 24 µm with the Multiband Imaging Photometer for Spitzer (MIPS;
Rieke et al. 2004) combined with 3 µm to 8 µm photometry with the Spitzer Infrared Array
Camera (IRAC; Fazio et al. 2004).
Luminous, dusty galaxies discovered with MIPS and IRAC have been characterized
by spectra with The Infrared Spectrograph on Spitzer (IRS; Houck et al. 2004) to red-
shifts z ∼ 3. The starburst sources have a mid-infrared spectrum dominated by emission
from Polycyclic Aromatic Hydrocarbons (PAH) (e.g. Yan et al. 2007; Weedman et al. 2006;
Farrah et al. 2008; Pope et al. 2008).
It is especially important to have methods for measuring SFR at high redshifts using
various observations enabled by Spitzer because the mid-infrared luminosity is often the only
measure available for starbursts in these luminous, distant, and heavily extincted sources. A
technique to measure SFR in many mid-infrared sources using a consistent parameter is to
use the luminosity of the PAH features, because these arise in the photodissociation region
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at the inner edge of the dusty molecular clouds surrounding the starburst (Peeters et al.
2004).
In the present paper, we use a measurement of PAH luminosity to determine the SFR
as measured in the infrared [SFR(PAH)] in order to compare with independent measures
of SFR that arise from ultraviolet continuum data [SFR(UV)] and radio continuum data
[SFR(radio)]. This comparison is enabled by the large number of starburst galaxies which
have now been observed by the Spitzer IRS and also by the Galaxy Evolution Explorer
(GALEX, Martin et al. 2005) and at 1.4 Ghz by the Very Large Array, primarily in the
FIRST survey (White et al. 1997). We also utilize and classify the available optical spectra
from the Sloan Digital Sky Survey (SDSS, Gunn et al. 1998).
Our comparison of SFR(PAH), SFR(radio), and SFR(UV) has three primary objectives:
1. to test the validity of the infrared PAH calibration of SFR; 2. to derive an estimate of
extinction for the ultraviolet luminosity by an empirical measurement comparing SFR as
measured in the infrared and the ultraviolet; 3. to determine if infrared-discovered star-
bursts are similar in dust content to starbursts discovered with other techniques. We make
these comparisons using a total sample of 287 starburst galaxies with Spitzer IRS spectra,
described below.
As a control sample for comparison to these starbursts chosen because they have infrared
observations, we use the original list of starburst galaxies derived from the Markarian galaxy
sample and classified as starbursts with optical spectroscopy (Balzano 1983). This sample
was selected without knowledge of infrared characteristics and was discovered as galaxies
having unusually bright continua in the visible ultraviolet (Markarian 1967). Infrared flux
densities measured at 25 µm by the Infrared Astronomical Satellite (IRAS) are compared
to GALEX fluxes for a sample of 76 Markarian galaxies as a test of whether there are
different results for SFR(PAH)/SFR(UV) when using the optically-discovered Markarian
sample compared to the infrared-discovered Spitzer sample.
2. Sample Selection and Observations
2.1. Spitzer IRS Observations
A summary of 243 starbursts with IRS spectra and determinations of SFR(PAH) is
given by Weedman and Houck (2008). For comparison with GALEX and radio data, we
consider only the 49 galaxies in this sample having z < 0.5 and not included by Brandl et al.
(2006). The redshift limit is chosen both to enable measurements at an accessible ultraviolet
rest-frame wavelength using the GALEX data, and to have a sufficiently bright sample that
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most of the Spitzer sources are detected with GALAX and VLA observations. The Brandl
et al. starbursts are omitted, because part of our objective is to test the calibration for
SFR determined from these galaxies. Also, they are all resolved sources with the IRS, so
uncertain aperture corrections would have to be applied for comparison to GALEX and VLA
data. The 49 sources which we use from Weedman and Houck (2008) are listed in Table 1,
identified by footnote.
To increase substantially the sample of Spitzer starbursts, we have extracted new IRS
spectra from the archival data of two Spitzer Legacy Programs. The first is program 30742
(D. Schiminovich, P.I.). This program was designed to obtain IRS observations for sources
within the Lockman Hole Field of the Spitzer Wide Area Infrared Extragalactic survey
(SWIRE, Lonsdale et al. 2003) that also have measured fluxes from GALEX. This program
contains 101 sources with IRS spectra. The second Legacy Program is program 40539 (G.
Helou, P.I.) designed to obtain a flux limited sample from various Spitzer survey fields of
sources with fν(24 µm) > 5 mJy. This program contains 330 sources.
We extracted IRS spectra of all 431 sources in the two programs described above to find
those sources which satisfy our criterion for a ”pure starburst”. As in previous IRS studies
of starbursts (Brandl et al. 2006; Houck et al. 2007; Weedman and Houck 2008, 2009), this
criterion for selecting sources whose mid-infrared spectrum is dominated by luminosity from
a starburst (without being contaminated by AGN luminosity) is having equivalent width
(EW) of the 6.2 µm PAH feature be EW(6.2 µm) > 0.4 µm. The origin of this criterion is
explained further in section 3.1, below.
All of our new spectral extractions were done with the SMART analysis package (Higdon et al.
2004), beginning with the Basic Calibrated Data products of the Spitzer flux calibration
pipeline, using the most recent version of calibration applied to the sources (either v.15 or
v.17). Because our objective was only to measure the PAH luminosity, we extracted only
the IRS short-low spectra, which extend to ∼ 14 µm. From the spectral extractions, we
measured the redshift as determined from the PAH features at 6.2 µm, 7.7 µm, and 11.3
µm; measured the fν(7.7 µm); and measured the rest-frame equivalent width of the 6.2 µm
feature, EW(6.2 µm). Results are in Table 1.
For the 101 sources in program 30742, 75 sources are found to satisfy the criterion of
EW(6.2 µm) > 0.4 µm. These 75 sources are in Table 1, identified by footnote. All of these
sources have SDSS spectra available. All show optical spectra classified as ”HII”, because
the emission lines are narrow and the Hβ emission line is strong compared to the higher
ionization [OIII] lines. This confirms the clear and strong correlation between the optical
classification as a starburst and the presence of strong PAH emission.
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For the 330 sources in program 40539, 152 sources are found to satisfy the starburst
criterion EW(6.2 µm) > 0.4 µm. These 152 sources are in Table 1, identified by footnote.
SDSS spectra are available for 57 of these sources, and all show optical spectra classified as
”HII”.
Finally, we include 11 blue compact dwarfs (BCDs) from Wu et al. (2006) for which we
extracted spectra to measure fν(7.7 µm). Most of these sources do not satisfy the EW(6.2
µm) > 0.4 criterion because PAH features are systematically weak in BCDs. We include
these to have a sample of low luminosity sources. Adding these BCDs yields the total of 287
starbursts given in Table 1.
Uncertainties in the measurement fν(7.7 µm) for these sources arise from uncertainties
in the Spitzer flux calibration, which is typically ± 5%, and uncertainties in fitting the
value of the PAH peak at 7.7 µm. For sources as bright as those we include, the combination
of these uncertainties leads to a typical observational uncertainty in the infrared flux and
luminosity measures of ± 10%.
2.2. GALEX and VLA Observations
The GALEX mission is an all-sky survey satellite which obtains images in the ultraviolet
at wavelengths 134-179 nm (FUV) and 177-283 nm (NUV) (Martin et al. 2005)1. Point
source images have full width at half maximum (FWHM) of 4.2′′ for FUV and 5.3′′ for NUV
(Morrissey et al. 2005). For the Spitzer IRS, spatial resolution is wavelength dependent, so
the FWHM of an unresolved source at the observed wavelength of the 7.7 µm feature depends
on source redshift and is 3′′ . FWHM . 5′′. GALEX surveys report a one sigma positional
uncertainty of 0.5′′ (Agu¨eros et al. 2005) and Spitzer surveys have a one-sigma uncertainty
of 0.4′′ (Fadda et al. 2006).
These image sizes mean that the spatial resolutions of GALEX and Spitzer observa-
tions are well matched. Any mismatch does not affect measured fluxes for point sources,
although there may be aperture-dependent effects between reported fluxes within the ob-
serving apertures if sources are very extended compared to the spatial resolution. To avoid
such uncertainties, we do not include in Table 1 any sources which are well resolved by the
IRS (which is one reason why the nearby starburst galaxies in Brandl et al. (2006) are not
included), so the comparison of fluxes for Spitzer and GALEX should not be significantly
1GALEX data used in this paper were those available in February, 2009, at the MultiMission Archive at
Space Telescope Science Institute [http://archive.stsci.edu/]
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affected by the slightly differing spatial resolutions, even for any sources that are partially
resolved.
A more significant source of uncertainty is determining whether Spitzer and GALEX
have detected the same source. Confusion would arise, for example, if there were a highly
obscured starburst found by Spitzer but a less obscured, nearby starburst seen by GALEX.
To minimize this uncertainty, we use a positional-coincidence criterion. Of the 287 Spitzer
infrared sources in Table 1, 283 were included in GALEX observations. Of these 283 sources,
272 infrared sources in Table 1 have GALEX identifications to within 3′′, and the GALEX
observations for these sources are tabulated. Sources with positional differences > 3′′ are
not tabulated because the GALEX source is outside the half-power location of the Spitzer
observing aperture.
The differences in position between Spitzer and GALEX are shown in Figure 1 for all
sources compared to source flux densities. For the 272 sources with distance < 3′′, the median
difference between GALEX and Spitzer positions is only 0.64′′. This value is comparable
to the quoted positional uncertainties, which gives confidence that the same starbursts are
observed in both infrared and ultraviolet.
The observed flux density at rest frame FUV wavelength of 153 nm [used for determining
SFR(UV)] is determined by using the GALEX observed flux densities at FUV (effective
wavelength 153 nm) and NUV (effective wavelength 227 nm) to fit a power law continuum
between these wavelengths, and then interpolate to the flux density at observed wavelength
(1+z)153 nm using the resulting power law index. This is the value of fν(FUV) listed in
Table 1.
For comparing infrared flux densities to radio flux densities, similar considerations for
spatial resolution and positional coincidence apply. Most of the radio detections are from the
FIRST survey (White et al. 1997), and the remainder are from targeted observations with
the VLA (Condon et al. 2003). These surveys give spatial resolution with FWHM ∼ 5′′, so
the same positional criterion (agreement to within 3′′ ) is used for radio and infrared sources
as for UV and infrared sources. Of the sources in Table 1, 38% have radio detections. The
radio limit which is used for sources that are not detected at 1.4 GHz is the 1 mJy limit of
the FIRST survey. Radio observations are corrected to rest frame 1.4 GHz by assuming a
power law spectrum of index α = -0.7. Results for the radio luminosities are in Table 1.
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3. Discussion
3.1. SFR from PAH Luminosities
Many previous studies have shown a well defined correlation between the presence of
PAH features in the mid-infrared spectrum and the presence of a starburst as classified in
other parts of the spectrum (e.g. Genzel et al. 1998; Rigopoulou et al. 2000; Brandl et al.
2006). This correlation occurs because the PAH emission arises in the photodissociation
region that lies between the HII region of a starburst and the surrounding molecular cloud
within which the stars formed. The exceptional uniformity among the PAH spectrum of
starburst galaxies is illustrated in Figure 2. This Figure shows the overplotted, normal-
ized IRS spectra of all 25 sources having an optical SDSS classification as starburst which
are included within a Spitzer flux limited sample defined only by fν(24 µm) > 10 mJy
(Weedman and Houck 2008).
The PAH features arise from vibrational modes in the complex PAH molecules (e.g.
Peeters et al. 2002). Variations in the intensity and hardness of the radiation field within
starbursts change the relative strengths of the PAH features, but these changes are not
great in the integrated spectra of starbursts, as seen in Figure 2. The 6.2 µm and 7.7 µm
features have very similar relative strengths, for example, because both arise from the CC
stretching mode vibration. By contrast, the relative strength of the 11.3 µm feature has
greater variation because it arises from the CH bending mode.
Spitzer IRS spectra have been used to measure the SFR based on PAHmeasures and em-
pirical calibration between PAH luminosities and bolometric luminosities (e.g. Brandl et al.
2006; Pope et al. 2008; Houck et al. 2007; Weedman and Houck 2008). The latter two pa-
pers describe and utilize the measure of PAH luminosity νLν(7.7 µm), where Lν(7.7 µm) is
determined only from the flux density at the peak of the 7.7 µm feature.
The motivation for this measure of PAH luminosity is illustrated by the spectra in
Figure 2. The PAH features are complex and blended. Determining the total luminosity
of any single feature requires deblending and adopting a level for the underlying continuum
of dust emission. While such sophisticated deblending can be undertaken with sufficient
S/N (Smith et al. 2007), it is not possible to do accurately in sources of limited wavelength
baseline or poor S/N. Because of the objective to measure PAH strength in high redshift
sources with poor S/N and limited rest frame wavelength coverage, Houck et al. (2007) and
Weedman and Houck (2008) define the PAH luminosity simply as νLν(7.7 µm).
The measure νLν(7.7 µm) is not a measure only of the PAH luminosity, as would be an
integrated measurement of a deblended PAH feature. The measure based on peak νLν(7.7
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µm) includes some contribution from the dust continuum underlying the PAH feature. As
illustrated in Figure 2, this contribution is negligible. For the representative continuum fit
illustrated, this continuum contribution is < 10% of the peak fν(7.7 µm). For our use of
νLν(7.7 µm) as a measure of SFR, separating the PAH contribution from the dust continuum
contribution is irrelevant so long as the dust continuum is also produced by the starburst.
This is the case because the calibration of SFR(PAH) in Houck et al. (2007) is done empir-
ically using the total νLν(7.7 µm), which includes both PAH and dust contributions.
Systematic error in this use of νLν(7.7 µm) to measure SFR(PAH) will arise only if the
dust continuum has a significant contribution from dust heated by an AGN. In this case, the
underlying dust continuum will be enhanced, and νLν(7.7 µm) will be artificially increased
compared to that for a pure starburst. This would lead to an overestimate of SFR(PAH). To
avoid this uncertainty, we deal only with sources which have sufficiently strong PAH features
that they are pure starbursts without an AGN contribution to the mid-infrared continuum.
As discussed in Houck et al. (2007) and Weedman and Houck (2008), the criterion for such
starburst-dominated sources is that the EW of the 6.2 µm PAH feature exceed 0.4 µm in
the source rest frame.
This criterion arises empirically from EW(6.2 µm) of the starbursts in Brandl et al.
(2006) classified optically and from the starbursts in Weedman and Houck (2008) which
have SDSS optical classification as starbursts. This quantitative criterion is also verified by
the synthetic spectra in Weedman and Houck (2008) which combine the prototype starburst
NGC 7714 with the AGN Markarian 231 and show that the starburst fraction of νLν(7.7
µm) exceeds 90% when EW(6.2 µm) > 0.4 µm. The sources we utilize in the present paper
are sufficiently bright that the EW(6.2 µm) can be reliably measured, and these are given
in Table 1. While we could, therefore, use the total integrated luminosity in this feature
as the measure of SFR for the sources in Table 1, a major objective of our study is to
allow comparison of these sources to the many fainter sources discovered by Spitzer at
higher redshifts. For these faint sources, fν(7.7 µm) is a much more reliable observational
measurement than is the total integrated flux in the 6.2 µm feature.
To restrict the present analysis to sources for which we can be confident are dominated
by a starburst, we also use the criterion of EW(6.2 µm) & 0.4 µm. The only exception are
11 BCDs which are included from Wu et al. (2006); these systematically have weaker PAH
features than more luminous starbursts, although the BCDs show no spectral evidence of an
AGN contribution. The EW criterion used for the remaining starbursts is confirmed by the
fact that all of the sources in Table 1 which have SDSS spectra show spectra classified as
”HII”, with no indication of an AGN of any type.
For sources with a mid-infrared spectrum arising only from a starburst, the luminosity
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νLν(7.7 µm) relates empirically to the total infrared luminosity of the starburst, Lir, accord-
ing to log Lir = log [νLν(7.7 µm)] + 0.78 (Houck et al. 2007). This transformation has no
dependence on luminosity, as is seen by combining the IRAS-derived Lir for the local, low
luminosity starburst sample of Brandl et al. (2006) with the high luminosity, high redshift
submillimeter galaxies in Pope et al. (2008). Using the relation from Kennicutt (1998), this
result for Lir yields that log [SFR(PAH)] = log [νLν(7.7 µm)] - 42.57±0.2, for νLν(7.7 µm)
in ergs s−1 and SFR in M⊙ yr
−1.
3.2. SFR from PAH Luminosities Compared to SFR from Radio Luminosities
The measurement of SFR(PAH) using νLν(7.7 µm) has been used to measure the local
SFR density of the universe (Houck et al. 2007) and to measure the evolution of starbursts
(Weedman and Houck 2008). It was found, for example, that star formation in the most
luminous starbursts evolves as log[SFR(PAH] = 2.1(±0.3) + 2.5(±0.3) log(1+z), up to z =
2.5 for SFR(PAH in M⊙ yr
−1. In the present paper, our primary objective is to compare
SFR(PAH) with SFR(UV). Both to verify the previous conclusions based on SFR(PAH)
and to undertake comparison with SFR(UV), it is useful to test the validity of the relation
described above for SFR(PAH).
Houck et al. (2007) showed that this relation was consistent to within ∼ 10% for mea-
sure of SFR as determined from the luminosities of the infrared [Ne II] and [Ne III] lines
(Ho and Keto 2007), which arise in the HII region surrounding the starburst. Also, Houck et al.
(2007) showed that the empirical calibration of νLν(7.7µm) to SFR leads to a measure of
the integrated SFR in the local universe that is consistent with that measured for starburst
galaxies using different samples and techniques for measuring SFR from infrared contin-
uum luminosity. Comparison with SFR determined with radio observations can provide an
additional test of SFR(PAH).
The demonstration of a well defined correlation between far-infrared flux measured by
IRAS and 1.4 GHz flux density from various radio observations (Helou et al. 1985) led to
a calibration of SFR(radio) as measured by 1.4 GHz luminosity (Condon 1992). (Radio
luminosity from a starburst arises primarily from the non-thermal luminosity of supernova
remnants, and the number of such remnants relates to the SFR of the starburst.) This
relation is log [SFR(radio)] = log [νLν(1.4 GHz)] - 37.07, for νLν(1.4 GHz) in ergs s
−1 and
SFR(radio) in M⊙ yr
−1.
Fundamentally, the calibration of SFR(radio) and the calibration of SFR(PAH) based
on νLν(7.7 µm) both arise from the premise of Kennicutt (1998) who equates the total
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bolometric luminosity radiated by dust to the bolometric luminosity of the young stars in
the starburst. Nevertheless, the calibrations of SFR(radio) and SFR(PAH) arise through
different routes and using different sources so provide an independent consistency check on
one another.
Star formation rates SFR(PAH) measured with νLν(7.7 µm) and SFR(radio) measured
with νLν(1.4 GHz) are given in Table 1. Of the 287 infrared sources in Table 1, only 108
have actual radio detections. For the remainder, SFR(radio) is determined as an upper limit
assuming fν(1.4 GHz) < 1 mJy. For these sources, SFR(PAH)/SFR(radio) is a lower limit.
The comparison of SFR(PAH)/SFR(radio) for the detected radio sources is shown in
Figure 3A. Sources range over a factor of 105 in luminosity but only a factor of 103 without the
BCDs. The median value of the ratio log [SFR(PAH)/SFR(radio)] = 0.0 for these detected
sources. This indicates precise agreement between SFR(PAH) and SFR(radio) for starbursts,
and there is no statistically meaningful dependence on luminosity for the starbursts which
are not BCDs.
Only the BCDs depart from the agreement between SFR(PAH) and SFR(radio). This
result arises primarily because of the known weakness of PAH features in some BCDs
(Wu et al. 2006; Izotov and Thuan 1998), so that SFR(PAH) based on νLν(7.7 µm) un-
derestimates the true SFR.
The sources in Table 1 without radio detections are plotted as limits in Figure 3B, using
1 mJy as the limit for fν(1.4 Ghz). The limits on SFR(PAH)/SFR(radio) shown in Figure
3B are in the sense that the actual SFR(PAH)/SFR(radio) would be greater than the limit
plotted. The distribution of limits has a median slightly smaller than the median of 0.0 for
detected sources, which is as expected for the limits.
3.3. SFR Determined from PAH Luminosities Compared to SFR from
GALEX Ultraviolet Luminosities
The most direct measurement of SFR in a starburst is to observe the ultraviolet con-
tinuum luminosity from the young, hot stars in the starburst (e.g. Salim et al. 2007;
Treyer et al. 2007). The primary difficulty in obtaining SFR(UV) in this way is in de-
termining the fraction of the observed luminosity which has been absorbed by intervening
dust. Corrections for this dust extinction can be determined observationally by measuring
the reddening of the spectrum, using the Balmer decrement for example, and then using
an extinction law to relate reddening to total extinction (Treyer et al. 2007). Such correc-
tions cannot account, however, for luminosity sources so extinguished that they make no
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contribution to the observed spectrum from which reddening corrections are determined.
The same dust that absorbs ultraviolet luminosity from these ”buried” sources produces
infrared luminosity. By comparing the infrared luminosity from the buried starburst with
the observed ultraviolet luminosity, a direct measurement is made of the fraction of intrinsic
ultraviolet luminosity which is absorbed. It is this comparison that we undertake by com-
paring SFR(UV) and SFR(PAH), using only the observed ultraviolet luminosity without
applying any corrections for dust attenuation.
SFR(UV) is determined using the relation SFR(UV)= 1.08x10−28Lν(FUV), for Lν(FUV)
in ergs s−1 Hz−1(Salim et al. 2007). This is the intrinsic value, without applying any extinc-
tion corrections to the ultraviolet. For convenient comparison to SFR(PAH) and SFR(radio)
in Table 1, we convert this to log [SFR(UV)] = log νLν(FUV) - 43.26, for νLν(FUV) in ergs
s−1 and SFR in M⊙ yr
−1, using fν(FUV) determined as described above in section 2.2 for
the FUV rest frame wavelength of 153 nm.
The relations for SFR(PAH) and SFR(UV) also describe the correspondence between
intrinsic flux νfν(7.7 µm) for the PAH feature and FUV magnitude which should arise from
the same starburst. If SFR(PAH) = SFR(UV), and there is no extinction of the ultraviolet,
log fν(FUV) = log fν(7.7 µm) - 1.01. When compared to an infrared source for which fν(7.7
µm) is 1 mJy, the intrinsic FUV magnitude of the same starburst in the AB system would
be 18.5 (using the transformation AB = -2.5log fν - 48.60, for fν in ergs cm
2 s−1 Hz−1.)
The comparison SFR(PAH)/SFR(UV) for the sources in Table 1 is shown in Figure 4.
In contrast to the close agreement between SFR(PAH) and SFR(radio) shown in Figure 3,
there is a very large offset between SFR(PAH) and SFR(UV) in Figure 4. The median log
[SFR(PAH)/SFR(UV] = 1.67. If this entire offset is caused by extinction of the ultraviolet
luminosity, the median result indicates that only 2% of the ultraviolet luminosity escapes
the starburst, or that SFR(UV) would be underestimated by a factor of 50 if extinction were
not considered.
The median value is determined primarily by the large number of sources with log
νLν(7.7 µm) > 43. There is, however, a significant luminosity dependence in the ratio
SFR(PAH)/SFR(UV). Fitting all of the points in Figure 4 yields the result:
log [SFR(PAH)/SFR(UV)]= (0.53±0.05)log [νLν(7.7 µm)] - 21.49±0.18, for νLν(7.7 µm) in
ergs s−1.
(1)
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The quoted errors arise only from the fitting of the line in order to demonstrate the intrinsic
dispersion of the ratio SFR(PAH)/SFR(UV) among different starbursts; uncertainties for
individual points are not included in the quoted errors.
The most luminous starbursts are those which have been found by Spitzer at z ∼ 2.5.
The luminosities scale with redshift (Weedman and Houck 2008), with log [νLν(7.7 µm)] =
44.63 + 2.5log (1+z). At z = 2.5, the most luminous starburst from this relation has log
νLν(7.7 µm) = 46. Equation (1) and Figure 4 indicate that such starbursts should have
values of SFR(PAH)/SFR(UV) > 700!
This very large ultraviolet extinction is consistent with the observation that the pop-
ulation of luminous Spitzer sources at high redshift are very faint when observed optically
(Dey et al. 2008). At z = 2.5, the rest frame FUV wavelengths correspond approximately to
observed V magnitude. The brightest obscured infrared sources at z = 2.5 have fν(7.7 µm)
∼ 2 mJy in the observed frame. According to the relation given above between 7.7 µm flux
and rest frame ultraviolet magnitude, such a source with a factor of 700 extinction would
have optical V mag. ∼ 24.9.
As was also the case for SFR(PAH)/SFR(radio) in Figure 3, the low luminosity BCDs
in Figure 4 show systematically smaller values of SFR(PAH)/SFR(UV). This result indicates
low ultraviolet extinction in BCDs combined with weak PAH features. Various explanations
related to low metallicity have been suggested to explain the weakness of PAH features
in BCDs (Wu et al. 2006; Izotov and Thuan 1998). An alternative explanation for weak
PAH features based on the observation of little extinction is that the HII regions are not
ionization bounded, implying that the starbursts in BCDs are not enveloped by the dusty
molecular clouds which produce the photodissociation region where PAH features arise in
more luminous starbursts.
The same calibration of SFR(PAH) which we use was used by Houck et al. (2007) to
determine the SFR density in the local universe from a complete, flux limited sample of
Spitzer sources. The result was 0.008 M⊙ yr
−1Mpc−3. The local SFR determined with
GALEX results was measured as 0.003 M⊙ yr
−1Mpc−3 without ultraviolet extinction correc-
tions (Iglesias-Paramo et al. 2006), and increases to 0.016 M⊙ yr
−1Mpc−3 with an assumed
extinction correction of a factor of ∼ 5. Based on comparisons with other infrared-derived
measures of the local SFR density, Houck et al. consider their result based on SFR(PAH) to
be underestimated by perhaps a factor of two because of the small number of low luminosity
sources in their sample. This implies that SFR(PAH) and SFR(UV) are consistent when
extinction by a factor of 5 is applied to the ultraviolet data.
Why is this extinction correction by a factor of 5 for the local SFR so different from the
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median factor of 50 in SFR(PAH)/SFR(UV) in Figure 4? The answer is in the luminosity
dependence for SFR(PAH)/SFR(UV). The SFR for the local sample (Houck et al. 2007) is
dominated by galaxies with 109 < Lir < 10
10 L⊙. At these luminosities in Figure 4, 4 <
SFR(PAH)/SFR(UV) < 16, which is consistent with the local correction of ∼ 5 applied for
ultraviolet extinction.
This result indicates that an infrared-discovered sample of dusty starbursts may con-
tain extinction that is somewhat greater than that found in ultraviolet-discovered galaxies,
but this excess extinction is less than a factor of two compared to the extinction within
ultraviolet-discovered galaxies. This consistency is evidence that results we find for star-
burst galaxies discovered in the infrared with Spitzer can be used to consider the nature of
starburst galaxies in general. As a further test of this conclusion, we now consider a more
detailed comparison with dust extinction in ultraviolet-selected galaxies.
3.4. Dust Corrections for SFR(UV)
The relations used above to determine SFR(PAH) and SFR(UV) derive from indepen-
dent assumptions and modeling regarding the stellar composition of starbursts. It would not
be surprising if these independent approaches led to different values for SFR in a starburst.
We have assumed in our interpretation, however, that both approaches should give the same
result for SFR and that the only differences arise from dust attenuation of the ultraviolet
luminosity. In order to test this assumption, we now consider independent measures of dust
attenuation to determine if our conclusions regarding the amount of extinction by dust are
consistent with other estimates.
The result in equation (1) and the distribution of points in Figure 4 indicates that
the measured values for SFR(PAH)/SFR(UV) without corrections to SFR(UV) for dust
extinction scale with starburst luminosity, such that SFR(PAH)/SFR(UV) is dependent on
(starburst luminosity)0.53. If the ratio SFR(PAH)/SFR(UV) differs only because of differing
dust extinction for the observed SFR(UV), this indicates that more luminous starbursts are
also more dusty, which is one of our most important results. For example, the points in
Figure 4 indicate that dust extinction is negligible in starbursts of log[νLν(7.7 µm)] ∼ 41
(typical luminosity of BCDs) but that dust extinction can reach a factor of 1000 in the most
luminous starbursts.
Our conclusion depends on the interpretation that the difference between observed val-
ues of SFR(PAH) and SFR(UV) arises only because of dust extinction of some fraction
of intrinsic ultraviolet luminosity from the starburst. This interpretation can be checked
– 14 –
independently of our result. Estimates of the dust extinction corrections that should be
applied for ultraviolet luminosity have previously been made using extensive collections of
galaxy SED templates to compare Lir to the total observed ultraviolet luminosity, Luv, from
galaxies Buat et al. (2007). The ratio Lir/Luv derived in this way is a measure of dust ex-
tinction which is equivalent to our measure SFR(PAH)/SFR(UV). These previous results
also indicate a luminosity dependence for the dust extinction (Buat et al. 2007).
The fundamental principle in using Lir/Luv to measure dust attentuation of ultravi-
olet luminosity is that all infrared luminosity from a starburst arises from re-radiation by
dust of ultraviolet luminosity which has been absorbed. The total luminosity radiated by
the starburst is then measured as Lir + Luv. This sum is the same as the intrinsic ul-
traviolet luminosity which is produced, which we define as Luv(starburst). The fraction of
Luv(starburst) which emerges without dust attenuation is Luv/Luv(starburst), or Luv/(Lir
+ Luv). Equivalently for our measurements, Luv/Luv(starburst) = SFR(UV)/[SFR(UV) +
SFR(PAH)].
In order to use the results in Buat et al. (2007) with our relation in equation (1), we
convert log νLν(7.7 µm) to Lir using the empirical relation for starbursts in Houck et al.
(2007), log Lir = log [νLν(7.7 µm)] - 32.80±0.2 for Lir in L⊙ and νLν(7.7 µm) in ergs s
−1.
With this transformation, equation (1) becomes
log [SFR(PAH)/SFR(UV)]= 0.53 log Lir - 4.11, for Lir in L⊙.
(2)
We use equation (2) to determine the fraction of emerging ultraviolet luminosity, Luv/Luv(starburst)
= SFR(UV)/[SFR(UV) + SFR(PAH)], and show this in Figure 5 as a function of luminosity.
Our result is compared to the same parameter for ultraviolet-selected galaxies using Luv/(Lir
+ Luv) in Buat et al. (2007). The slope of the luminosity dependence is very similar between
the two results. Our relation from equation (2) is offset, however, by about a factor of two
lower values of Luv/Luv(starburst). This offset implies a systematically higher extinction
by a factor of two at all luminosities for our infrared-discovered sample compared to the
extinction estimates from ultraviolet-selected sources.
There could be various reasons for the offset. Part could be produced if our equation
for SFR(PAH) is incorrect compared to SFR(UV) and gives larger values for SFR. We
concluded in section 3.2, however, that there is no offset between SFR(PAH) and SFR(radio).
Another explanation is that the templates in Buat et al. (2007) are not purely starbursts, so
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ultraviolet luminosity from portions of a galaxy with less extinction may be included than is
the case for the pure starbursts in the infrared sample. Finally, part of the excess extinction
we find could also result from our selection based on infrared sources, which preferentially
selects the most dusty starbursts. We make another test for this final selection effect in
section 3.5, below.
3.5. Control Sample of Markarian Galaxies
All of the starbursts considered so far were selected because they have Spitzer infrared
measurements, and most were discovered in Spitzer surveys at 24 µm. A concern is that this
selection might lead to a selection effect which favors SFR(PAH) compared to SFR(UV). To
test for such an effect, we utilize a sample of starbursts selected without regard to their in-
frared fluxes but selected instead because of unusually strong fluxes in the visible ultraviolet.
This sample derives from the Markarian survey for ”galaxies with strong ultraviolet contin-
uum” (Markarian 1967). It is the sample of 76 Markarian starbursts which have GALEX
identifications among the Markarian galaxies defined as starbursts by Balzano (1983) using
optical spectra which show only an HII spectrum with no indication of an AGN.
The optical colors and emission line properties of these Markarian sources are ex-
plained by the presence of a hot, young star population, and this list was the first com-
pilation of a starburst galaxy sample following the original definition of this galaxy category
(Weedman et al. 1981). This sample is a useful control sample because most of the Markar-
ian starbursts also have mid-infrared measurements by IRAS and ultraviolet measurements
with GALEX, although neither mission existed when the original sample was assembled. In
Table 2, the GALEX and IRAS data for these Markarian galaxies are given. For sources
detected by GALEX but not by IRAS, the 3σ upper limit for fν(25 µm) is taken as 65 mJy.
To adopt an infrared spectrum, we use starburst spectra such as those in Figure 2 which
characterize the unbiased samples of Spitzer sources described in Weedman and Houck
(2009). For sources in that sample having 42 < log [νLν (15 µm)] < 44, covering the
luminosity range of most Markarian galaxies in Table 2, the average spectrum has fν(25
µm)/fν(7.7 µm) = 2.6±1.2, which allows a transformation from fν(25 µm) observed by IRAS
to a value of fν(7.7 µm). This allows the calculation of SFR(PAH) for the Markarian sample
using the same relations used above for sources in Table 1 having observed values of fν(7.7
µm). Results for SFRs are in Table 2 and the ratios SFR(PAH)/SFR(UV) are shown in
Figure 6.
Fitting all of the points and limits in Figure 6 yields the result:
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log[SFR(PAH)/SFR(UV)]= (0.38±0.08)log νLν(7.7 µm) - 15.27±0.25.
(3)
As for the infrared-selected starbursts in equation (1) and Figure 4, the Markarian star-
bursts in Figure 6 also show a dependence of SFR(PAH)/SFR(UV) on luminosity, although
the range of luminosities is less than for the infrared-selected starbursts in Figure 4. Within
the uncertainties of equations (1) and (3), the ratio SFR(PAH)/SFR(UV) has the same de-
pendence on luminosity. At the median luminosity for Markarian galaxies in Figure 6 of
log νLν(7.7 µm) = 43, the log [SFR(PAH)/SFR(UV)] = 1.07. At this same luminosity, the
infrared-selected starbursts in Figure 4 have from equation (1), log [SFR(PAH)/SFR(UV)]
= 1.30.
This result indicates moderately less extinction in the Markarian galaxies; 8.5% of the ul-
traviolet luminosity escapes compared to only 5% which escapes the infrared-selected galax-
ies. These differences are small compared to the large extinctions which are observed in
both samples. This means that extreme extinction in the ultraviolet is characteristic of all
starbursts regardless of selection technique, so that choosing starbursts from infrared obser-
vations does not lead to a sample which is more heavily extincted by dust than choosing
starbursts based on optical spectroscopic classifications.
This comparison with Markarian galaxies is additional confirmation that an infrared-
selected sample of starbursts does not yield starbursts which are significantly dustier than
other starbursts.
4. Summary and Conclusions
Star formation rates determined from infrared (Spitzer), ultraviolet (GALEX), and
radio (VLA) indicators have been determined for 287 starburst galaxies with spectra from
the Spitzer Infrared Spectrograph. We find that SFR(PAH) and SFR(radio) give the same
values, but SFR(UV) is typically a factor of 50 less than SFR(PAH). This is an empirical
measure of extinction in the ultraviolet.
The measure of starburst luminosity used for SFR(PAH) is νLν(7.7 µm) for the peak
luminosity of the 7.7 µm PAH feature. The measure of starburst luminosity for SFR(UV)
arises from the observed continuum flux density at rest frame 153 nm. The ratio log
SFR(PAH)/SFR(UV) has a median value of 1.67, with dependence on luminosity of form
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log [SFR(PAH)/SFR(UV)] = (0.53±0.05)log [νLν(7.7 µm)] - 21.49±0.18, for νLν(7.7 µm)
in ergs s−1. Using the conversion we adopt between νLν(7.7 µm) and Lir for starbursts, this
becomes log [SFR(PAH)/SFR(UV)]= 0.53 log Lir - 4.11, for Lir in L⊙.
These results indicate that SFRs determined with ultraviolet luminosities require ex-
tinction corrections by a factor of ∼ 10 for typical local starbursts, but this correction factor
exceeds 700 for the most luminous starbursts at z ∼ 2.5. The trend of increasing extinc-
tion with increasing luminosity is similar to that reported previously for ultraviolet-selected
galaxies, although our infrared-selected sample shows a systematically larger dust extinction
by about a factor of two.
The extreme ultraviolet extinction explains why the most luminous starbursts discovered
by Spitzer at z ∼ 2.5 are optically faint. These sources have log νLν(7.7 µm) = 46. With
the derived amount of extinction, the optical magnitude of a starburst at z ∼ 2.5 with a 1
mJy 7.7 µm feature should be V ∼ 25.6.
SFR(PAH) and SFR(UV) are compared for a control sample of 76 Markarian starburst
galaxies having ultraviolet fluxes in order to test for selection effects arising from our use
of infrared-selected starbursts. The result indicates only moderately less extinction in the
Markarian galaxies; 8.5% of the ultraviolet luminosity escapes galaxies compared to only
5% which escapes infrared-selected galaxies of the same luminosity log νLν(7.7 µm) ∼ 43.
This comparison with Markarian galaxies is additional confirmation that an infrared-selected
sample of starbursts does not yield starbursts which are significantly dustier than other
starbursts.
Overall results for SFR(PAH) indicate that infrared-discovered starbursts are not sig-
nificantly dustier that starbursts of similar luminosity discovered in other ways. This means
that conclusions derived from Spitzer samples of starbursts are generally applicable to un-
derstanding the evolution of star formation in the universe.
We thank D. Barry for help in data acquisition, and P. Hall, V. Leboutiellier, and J.
Bernard-Salas for aid in improving our IRS spectral analysis with SMART. We thank the
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Table 1. Infrared, Ultraviolet, and Radio Star Formation Rates of Spitzer Starburst Galaxies
No. Name coordinates Ra zb EW(6.2)c fν(7.7)
d νLν(7.7) fν(FUV)
e L(FUV) f(1.4 GHz)f L(radio) SFRg SFRg SFRg
J2000 for 24 µm ′′ µm mJy ergs s−1 µJy ergs s−1 mJy ergs s−1 PAH UV Radio
1 Haro 11k 003652.5-333319 1.1 0.021 0.13 20.4 43.84 2969 43.72 27.2 38.55 1.27 0.46 1.48
2 SST24j 021503.53-042422.0 1.5 0.141 0.60 3.2 43.76 1.8 42.2 <1 <38.81 1.19 -1.06 <1.74
3 SST24j 021557.13-033728.3 0.9 0.034 0.49 7.3 42.85 53.2 42.42 <1 <37.55 0.28 -0.84 <0.48
4 SST24j 021649.72-042554.3 0.3 0.141 0.57 6.1 44.03 52.5 43.67 <1 <38.81 1.46 0.41 <1.74
5 SST24j 021743.85-051751.7 1.6 0.032 0.65 21 43.26 201.5 42.94 1.45 37.66 0.69 -0.32 0.59
6 SST24j 021754.89-035825.8 0.4 0.226 0.55 10.6 44.70 38.3 43.96 1.41 39.38 2.13 0.70 2.31
7 SST24j 021849.78-052158.4 0.4 0.292 0.71 6.2 44.70 3.5 43.16 0.44 39.11 2.13 -0.10 2.04
8 SST24j 021912.72-050541.4 0.3 0.195 0.88 2.6 43.95 38.5 43.83 0.4 38.71 1.38 0.57 1.64
9 SST24j 021928.37-042240.6 1.0 0.047 0.63 7.4 43.14 21.6 42.31 <1 <37.84 0.57 -0.95 <0.77
10 SST24j 021953.09-051824.3 0.5 0.072 0.62 24.1 44.03 25.9 42.77 <1 <38.21 1.46 -0.49 <1.14
11 SST24j 021957.01-052439.9 0.3 0.082 0.69 8.8 43.71 58.6 43.24 <1 <38.33 1.14 -0.02 <1.26
12 SST24j 022147.87-025730.3 0.5 0.069 0.73 18.2 43.87 31.1 42.81 <1 <38.18 1.30 -0.45 <1.11
13 SST24j 022151.55-032912.1 0.7 0.165 0.54 5.5 44.13 30.7 43.58 <1 <38.95 1.56 0.32 <1.88
14 SST24j 022205.05-050536.7 1.5 0.259 0.52 7.7 44.68 1.9 42.78 <1 <39.36 2.11 -0.48 <2.29
15 SST24j 022223.29-044319.8 0.6 0.072 0.46 4.5 43.30 7.4 42.22 <1 <38.21 0.73 -1.04 <1.14
16 SST24j 022224.07-050550.2 0.3 0.150 0.62 5.8 44.07 6.6 42.82 <1 <38.87 1.50 -0.44 <1.8
17 SST24j 022329.16-043209.4 >3 0.141 0.49 3.1 43.73 · · · · · · <1 <38.81 1.16 · · · <1.74
18 SST24j 022334.63-035230.2 2.8 0.175 0.56 3.4 43.98 6.8 42.97 <1 <39.01 1.41 -0.29 <1.94
19 SST24j 022345.09-054234.4 1.3 0.142 0.55 10.7 44.29 8.2 42.87 <1 <38.82 1.72 -0.39 <1.75
20 SST24j 022413.66-042227.3 0.4 0.119 0.61 7.6 43.98 13.7 42.93 0.41 38.27 1.41 -0.33 1.2
21 SST24j 022422.50-040230.7 0.6 0.174 0.41 3.5 43.98 13.9 43.28 0.25 38.39 1.41 0.02 1.32
22 SST24j 022434.33-041530.9 0.7 0.261 0.60 7.9 44.70 11.8 43.58 0.78 39.26 2.13 0.32 2.19
23 SST24j 022447.00-040851.4 0.9 0.096 0.36 12.5 44.00 3.4 42.13 1.45 38.63 1.43 -1.13 1.56
24 SST24j 022507.47-041835.7 0.7 0.105 0.49 4.4 43.62 42.0 43.31 0.35 38.09 1.05 0.05 1.02
25 SST24j 022522.60-045451.9 0.3 0.146 0.81 7.2 44.14 10.3 42.99 0.59 38.62 1.57 -0.27 1.55
26 SST24j 022536.45-050011.1 1.9 0.052 0.61 49.3 44.06 226.8 43.42 12.95 39.04 1.49 0.16 1.97
27 SST24j 022548.25-050051.8 0.7 0.145 0.42 4.2 43.90 0.5 41.7 <1 <38.84 1.33 -1.56 <1.77
Table 1—Continued
No. Name coordinates Ra zb EW(6.2)c fν(7.7)
d νLν(7.7) fν(FUV)
e L(FUV) f(1.4 GHz)f L(radio) SFRg SFRg SFRg
J2000 for 24 µm ′′ µm mJy ergs s−1 µJy ergs s−1 mJy ergs s−1 PAH UV Radio
28 SST24j 022549.79-040025.1 1.5 0.043 0.36 23.8 43.57 15.1 42.08 2.19 38.1 1.00 -1.18 1.03
29 SST24j 022600.02-050145.1 0.6 0.203 0.55 6.4 44.38 3.0 42.76 <1 <39.14 1.81 -0.50 <2.07
30 SST24j 022602.96-045307.1 0.3 0.052 0.57 7.1 43.21 29.7 42.54 0.39 37.51 0.64 -0.72 0.44
31 SST24j 022637.83-035841.8 0.5 0.073 0.38 5.1 43.37 3.2 41.87 <1 <38.23 0.80 -1.39 <1.16
32 SST24j 022655.90-040301.7 0.1 0.135 0.94 3.3 43.72 17.1 43.15 0.14 37.93 1.15 -0.11 0.86
33 SST24j 022720.70-044537.4 0.3 0.055 0.56 34.9 43.95 94.9 43.09 2.96 38.45 1.38 -0.17 1.38
34 SST24j 022738.55-044702.9 0.3 0.171 0.51 5.8 44.19 3.8 42.7 0.4 38.59 1.62 -0.56 1.52
35 SST24j 022741.66-045650.0 1.7 0.056 0.59 16.7 43.65 35.9 42.68 1.09 38.03 1.08 -0.58 0.96
36 NGC 1140k 025433.6-100140 1.2 0.005 0.53 4 41.98 6496 42.83 23.7 37.26 -0.59 -0.43 0.19
37 SBS0335-052k 033744.0-050240 0.4 0.014 <0.02 <15 <42.22 539.5 42.62 0.5 36.42 <-0.35 -0.64 -0.65
38 NGC 1569k 043047.0+645059 >3 0 0.22 0.3 40.02 · · · · · · 336.3 36.36 -2.55 · · · -0.71
39 IIZw 40k 055542.6+032332 · · · 0.003 0.03 3 41.72 · · · · · · 32.6 36.93 -0.85 · · · -0.14
40 UGC 4274k 081313.0+455939 1.8 0.002 0.73 3 40.76 996.4 41.04 10.5 35.93 -1.81 -2.22 -1.14
41 SST24i 103254.00+580633.2 0.8 0.070 0.58 5 43.32 46.6 43.00 <1 <38.19 0.75 -0.26 <1.12
42 SST24j 103450.53+584418.2 1.0 0.090 0.52 12.9 43.96 39.9 43.16 <1 <38.42 1.39 -0.10 <1.35
43 SST24i 103525.37+581709.7 0.5 0.113 0.43 3.3 43.57 19.6 43.04 <1 <38.61 1.00 -0.22 <1.54
44 SST24j 103531.42+581234.1 0.3 0.178 0.43 7.7 44.34 11.2 43.21 <1 <39.02 1.77 -0.05 <1.95
45 SST24i 103538.69+573543.2 1.5 0.100 0.45 6.3 43.74 4.9 42.34 <1 <38.5 1.17 -0.92 <1.44
46 SST24i 103539.20+574244.4 0.2 0.116 0.53 3.8 43.65 21.7 43.11 <1 <38.64 1.08 -0.15 <1.57
47 SST24j 103542.81+583312.9 0.7 0.085 0.65 6.5 43.61 22.7 42.86 <1 <38.36 1.04 -0.40 <1.29
48 SST24i 103554.19+581836.2 0.2 0.155 0.39 5.5 44.07 28.7 43.49 <1 <38.9 1.50 0.23 <1.83
49 SST24i 103557.87+572500.4 0.5 0.104 0.50 3.6 43.53 9.0 42.63 <1 <38.54 0.96 -0.63 <1.47
50 SST24i 103606.48+574702.7 0.6 0.045 0.49 6.8 43.07 64.0 42.74 0.69 37.64 0.50 -0.52 0.57
51 SST24i 103615.53+573915.4 0.4 0.113 0.55 5.6 43.80 6.7 42.58 0.36 38.18 1.23 -0.68 1.11
52 SST24j 103646.49+584330.5 1.7 0.139 0.60 5.9 44.01 6.0 42.72 <1 <38.8 1.44 -0.54 <1.73
53 SST24i 103653.51+575443.1 0.7 0.101 0.60 5.9 43.72 25.3 43.06 <1 <38.51 1.15 -0.20 <1.44
54 SST24i 103723.23+573115.0 0.3 0.071 0.65 33.3 44.16 42.8 42.97 1.96 38.49 1.59 -0.29 1.42
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55 SST24i 103732.05+572306.0 0.1 0.073 0.65 4.4 43.31 27.7 42.81 <1 <38.23 0.74 -0.45 <1.16
56 SST24i 103804.72+580255.9 0.8 0.089 0.70 5.3 43.57 57.6 43.30 <1 <38.4 1.00 0.04 <1.33
57 SST24j 103818.22+583556.5 0.8 0.129 0.51 2.1 43.48 5.6 42.62 <1 <38.73 0.91 -0.64 <1.66
58 SST24i 103856.59+571549.2 0.7 0.046 0.58 9.4 43.23 21.2 42.28 <1 <37.82 0.66 -0.98 <0.75
59 SST24i 103858.63+582233.6 0.7 0.069 0.48 10.8 43.65 15.1 42.49 <1 <38.18 1.08 -0.77 <1.11
60 SST24i 103911.23+571617.1 1.2 0.105 0.77 4.2 43.60 12.9 42.80 <1 <38.55 1.03 -0.46 <1.48
61 SST24i 103926.00+575805.0 0.6 0.138 0.42 5.7 43.99 19.7 43.23 <1 <38.79 1.42 -0.03 <1.72
62 SST24i 103928.22+584730.1 0.5 0.044 0.62 5.4 42.95 33.1 42.44 <1 <37.78 0.38 -0.82 <0.71
63 SST24i 103935.70+575908.1 0.8 0.076 0.60 6 43.48 18.1 42.66 <1 <38.26 0.91 -0.60 <1.19
64 SST24i 103956.43+572418.7 0.4 0.071 0.55 6.2 43.43 33.9 42.87 <1 <38.2 0.86 -0.39 <1.13
65 SST24i 103957.23+583934.0 0.4 0.196 0.66 8 44.44 21.9 43.59 <1 <39.11 1.87 0.33 <2.04
66 SST24j 104016.34+570845.9 1.0 0.115 0.64 7.3 43.93 2.3 42.13 <1 <38.63 1.36 -1.13 <1.56
67 SST24i 104024.26+580918.5 2.1 0.070 0.45 6.5 43.43 44.5 42.98 <1 <38.19 0.86 -0.28 <1.12
68 SST24i 104026.26+572623.5 0.6 0.047 0.49 6.9 43.11 19.9 42.27 <1 <37.84 0.54 -0.99 <0.77
69 SST24i 104050.35+572341.3 0.2 0.118 0.77 8.9 44.04 18.1 43.05 <1 <38.65 1.47 -0.21 <1.58
70 SST24i 104110.48+581523.3 0.5 0.121 0.65 3.5 43.65 13.9 42.96 <1 <38.67 1.08 -0.30 <1.61
71 SST24i 104113.73+570456.7 1.0 0.045 0.60 6.8 43.07 13.0 42.05 <1 <37.8 0.50 -1.21 <0.73
72 SST24i 104116.03+565345.4 0.7 0.184 0.46 10.6 44.51 15.4 43.38 <1 <39.05 1.94 0.12 <1.98
73 SST24i 104122.60+585331.1 0.6 0.066 0.61 10.7 43.60 133.3 43.40 <1 <38.14 1.03 0.14 <1.07
74 SST24j 104132.52+565952.3 1.3 0.351 0.39 4 44.67 73.6 44.64 <1 <39.63 2.10 1.38 <2.57
75 SST24i 104139.09+583514.6 0.8 0.114 0.56 17.7 44.31 10.3 42.77 1.69 38.85 1.74 -0.49 1.78
76 SST24i 104202.45+575349.5 1.2 0.109 0.45 2.9 43.48 14.6 42.88 <1 <38.58 0.91 -0.38 <1.51
77 SST24i 104210.07+583939.6 0.3 0.031 0.46 5.5 42.65 37.6 42.19 <1 <37.47 0.08 -1.07 <0.4
78 SST24i 104218.68+584059.2 0.4 0.120 0.40 3.5 43.65 23.7 43.18 <1 <38.67 1.08 -0.08 <1.6
79 SST24i 104305.82+584152.2 0.3 0.120 0.58 8.5 44.03 27.2 43.24 <1 <38.67 1.46 -0.02 <1.6
80 SST24i 104339.05+580250.5 0.7 0.133 0.59 9.7 44.18 28.4 43.35 <1 <38.76 1.61 0.09 <1.69
81 SST24i 104400.79+584537.5 1.4 0.072 0.56 19.8 43.95 6.0 42.13 <1 <38.21 1.38 -1.13 <1.14
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82 SST24i 104427.42+594429.6 0.9 0.117 0.53 5.8 43.85 7.0 42.63 <1 <38.64 1.28 -0.63 <1.58
83 SST24j 104432.97+564042.1 1.1 0.066 0.39 12.9 43.68 25.3 42.68 <1 <38.14 1.11 -0.58 <1.07
84 SST24j 104438.34+562211.2 0.8 0.026 0.50 50.8 43.46 105.5 42.48 4.59 37.98 0.89 -0.78 0.91
85 SST24i 104445.22+582718.0 >3 0.034 0.45 10.7 43.02 · · · · · · <1 <37.55 0.45 · · · <0.48
86 SST24j 104454.15+574426.2 0.7 0.117 0.54 10.7 44.11 102.0 43.79 <1 <38.64 1.54 0.53 <1.58
87 SST24i 104501.26+574632.6 0.3 0.115 0.38 6.1 43.85 32.1 43.27 <1 <38.63 1.28 0.01 <1.56
88 SST24i 104530.42+581231.9 0.3 0.118 0.55 16.2 44.30 19.8 43.09 1.61 38.86 1.73 -0.17 1.79
89 SST24i 104532.47+583005.7 0.6 0.115 0.45 4.2 43.69 7.5 42.64 <1 <38.63 1.12 -0.62 <1.56
90 SST24i 104555.55+590915.9 0.5 0.046 0.40 5.6 43.01 96.2 42.94 <1 <37.82 0.44 -0.32 <0.75
91 SST24i 104556.97+572718.7 1.0 0.117 0.85 6.9 43.92 23.9 43.16 <1 <38.64 1.35 -0.10 <1.58
92 SST24j 104643.29+584715.5 0.1 0.142 0.46 5.6 44.00 14.6 43.12 <1 <38.82 1.43 -0.14 <1.75
93 SST24i 104704.63+562024.6 0.7 0.047 0.58 42.7 43.90 8.0 41.88 2.3 38.2 1.33 -1.38 1.13
94 SST24i 104709.03+593813.4 0.6 0.092 0.69 3.9 43.46 15.3 42.75 <1 <38.43 0.89 -0.51 <1.36
95 SST24i 104713.43+581039.3 0.6 0.062 0.57 6.7 43.34 4.3 41.85 <1 <38.08 0.77 -1.41 <1.01
96 SST24j 104729.91+572843.3 0.2 0.230 0.64 11.2 44.74 6.0 43.17 1.24 39.34 2.17 -0.09 2.27
97 SST24i 104742.55+561850.5 0.7 0.154 0.56 8.6 44.26 25.9 43.44 <1 <38.89 1.69 0.18 <1.82
98 SST24i 104748.13+573438.2 0.4 0.116 0.61 7.3 43.94 22.7 43.13 <1 <38.64 1.37 -0.13 <1.57
99 SST24i 104804.08+585136.4 0.3 0.086 0.48 5.2 43.52 37.4 43.08 <1 <38.37 0.95 -0.18 <1.3
100 SST24i 104805.16+574854.3 0.4 0.073 0.64 10.9 43.70 19.2 42.65 <1 <38.23 1.13 -0.61 <1.16
101 SST24i 104810.18+562249.9 0.7 0.070 0.42 7.4 43.50 15.4 42.52 <1 <38.19 0.93 -0.74 <1.12
102 SST24i 104811.23+572430.9 0.5 0.072 0.54 4.1 43.26 33.7 42.88 <1 <38.21 0.69 -0.38 <1.14
103 SST24i 104817.77+572410.1 0.3 0.071 0.57 5.2 43.36 72.1 43.20 <1 <38.2 0.79 -0.06 <1.13
104 SST24i 104829.32+575355.7 1.0 0.074 0.77 9.3 43.64 68.4 43.21 <1 <38.24 1.07 -0.05 <1.17
105 SST24i 104835.13+580124.0 0.1 0.175 0.38 3.9 44.03 17.1 43.38 <1 <39.01 1.46 0.12 <1.94
106 SST24j 104837.88+582642.1 0.4 0.232 0.65 12 44.78 17.6 43.64 <1 <39.26 2.21 0.38 <2.19
107 SST24j 104844.02+580340.9 0.8 0.164 0.46 4.9 44.07 10.9 43.12 <1 <38.95 1.50 -0.14 <1.88
108 SST24i 104904.23+561326.4 1.4 0.071 0.40 14.3 43.79 14.1 42.49 1.4 38.35 1.22 -0.77 1.28
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109 SST24i 104905.29+573733.5 0.6 0.079 0.66 6.7 43.56 17.8 42.68 <1 <38.3 0.99 -0.58 <1.23
110 SST24j 104907.19+565715.1 0.8 0.072 0.75 16.7 43.87 14.1 42.5 1.27 38.32 1.30 -0.76 1.25
111 SST24i 104927.49+593252.8 1.0 0.219 0.62 8.8 44.59 10.2 43.35 <1 <39.21 2.02 0.09 <2.14
112 SST24i 104938.42+593503.4 0.6 0.115 0.58 4.1 43.68 1.9 42.05 <1 <38.63 1.11 -1.21 <1.56
113 SST24i 104956.37+593030.1 1.1 0.116 0.37 5.7 43.83 2.1 42.11 <1 <38.64 1.26 -1.15 <1.57
114 SST24j 105006.00+561500.4 >3 0.119 0.46 9.8 44.09 · · · · · · <1 <38.66 1.52 · · · <1.59
115 SST24i 105007.25+593254.3 0.3 0.113 0.69 10.2 44.06 23.0 43.11 <1 <38.61 1.49 -0.15 <1.54
116 SST24i 105008.92+585543.3 0.6 0.118 0.56 5.9 43.86 57.9 43.55 <1 <38.65 1.29 0.29 <1.58
117 SST24i 105009.90+593029.0 0.4 0.066 1.05 4.4 43.21 26.0 42.69 <1 <38.14 0.64 -0.57 <1.07
118 SST24i 105034.07+592221.7 0.7 0.153 0.63 7.8 44.21 17.5 43.27 <1 <38.88 1.64 0.01 <1.82
119 SST24i 105037.24+590544.8 0.1 0.029 0.55 16.1 43.06 111.3 42.60 <1 <37.41 0.49 -0.66 <0.34
120 SST24j 105047.90+590348.3 1.2 0.130 0.71 5.8 43.94 36.9 43.44 <1 <38.74 1.37 0.18 <1.67
121 SST24j 105058.83+560550.2 · · · 0.122 0.55 2.3 43.47 · · · · · · <1 <38.68 0.90 · · · <1.61
122 SST24i 105110.74+590436.9 0.3 0.117 0.40 3.9 43.67 1.3 41.90 <1 <38.64 1.10 -1.36 <1.58
123 SST24j 105128.09+573501.7 0.6 0.070 0.57 6.6 43.44 59.3 43.1 <1 <38.19 0.87 -0.16 <1.12
124 SST24j 105200.36+591933.4 0.9 0.118 0.37 3.2 43.59 9.0 42.75 1.23 38.74 1.02 -0.51 1.67
125 SST24j 105206.63+580947.3 0.3 0.118 0.61 22.8 44.45 31.7 43.29 1.65 38.87 1.88 0.03 1.8
126 SST24i 105242.40+571914.9 0.2 0.091 0.38 5.2 43.57 13.0 42.67 <1 <38.42 1.00 -0.59 <1.35
127 SST24i 105252.83+570754.2 0.2 0.165 0.49 3.9 43.98 4.1 42.71 0.29 38.41 1.41 -0.55 1.34
128 SST24i 105301.42+570543.2 0.5 0.080 0.64 13.7 43.88 19.9 42.74 0.74 38.18 1.31 -0.52 1.11
129 SST24i 105304.76+563328.8 0.3 0.070 0.45 8.9 43.57 7.0 42.17 <1 <38.19 1.00 -1.09 <1.12
130 SST24i 105335.21+564431.5 0.8 0.130 0.37 10.6 44.20 15.2 43.06 2.32 39.1 1.63 -0.20 2.03
131 SST24j 105336.93+580350.7 1.6 0.455 0.39 4 44.91 3.0 43.48 <1 <39.87 2.34 0.22 <2.8
132 SST24i 105432.35+570932.8 0.3 0.067 0.43 10.2 43.60 18.4 42.55 <1 <38.15 1.03 -0.71 <1.08
133 SST24i 105450.97+582327.4 0.6 0.115 0.49 6.8 43.90 10.4 42.79 <1 <38.63 1.33 -0.47 <1.56
134 SST24i 105634.99+584748.3 0.3 0.048 0.68 24.6 43.68 114.3 43.05 1.15 37.92 1.11 -0.21 0.85
135 SST24j 105641.86+580045.3 0.4 0.129 0.62 10.4 44.19 43.3 43.51 <1 <38.73 1.62 0.25 <1.66
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136 SST24i 105719.83+575706.3 0.5 0.075 0.59 12.8 43.79 84.8 43.32 <1 <38.25 1.22 0.06 <1.18
137 SST24j 105733.51+565737.1 >3 0.084 0.46 4.5 43.44 · · · · · · <1 <38.35 0.87 · · · <1.28
138 SST24j 105740.62+570616.8 0.4 0.071 0.51 4.8 43.32 13.5 42.47 <1 <38.2 0.75 -0.79 <1.13
139 SST24j 105854.12+574130.0 1.1 0.234 0.39 2.5 44.11 10.4 43.42 <1 <39.27 1.54 0.16 <2.2
140 SST24i 105900.08+581526.0 0.3 0.133 0.54 4.8 43.88 14.1 43.05 <1 <38.76 1.31 -0.21 <1.69
141 SST24i 105904.90+581920.0 0.5 0.134 0.56 3.8 43.78 24.1 43.29 <1 <38.77 1.21 0.03 <1.7
142 SST24j 110002.09+573141.9 0.6 0.392 0.42 7.3 45.03 9.3 43.84 <1 <39.73 2.46 0.58 <2.67
143 SST24j 110133.82+575205.8 0.6 0.282 0.54 8.2 44.78 1.3 42.69 <1 <39.44 2.21 -0.57 <2.37
144 SST24j 110235.07+574655.9 0.3 0.226 0.55 4.7 44.35 8.2 43.29 <1 <39.24 1.78 0.03 <2.17
145 Mrk 1450k 113835.6+575227 · · · 0.003 · · · <3 <40.72 · · · · · · 2 36.13 <-1.85 · · · -0.94
146 UM 461k 115133.3-022222 2.1 0.004 · · · <3 <40.06 436.4 41.26 2.6 35.9 <-2.51 -2.00 -1.17
147 SST24h 142500.18+325950.6 0.5 0.320 · · · 2.5 44.37 · · · · · · <1 <39.55 1.8 · · · <2.48
148 SST24h 142504.04+345013.7 0.6 0.078 0.59 16.6 43.96 10.8 42.46 1.2 38.37 1.39 -0.80 1.3
149 SST24h 142543.59+334527.6 0.5 0.072 0.55 12.3 43.75 94.7 43.32 <1 <38.21 1.18 0.06 <1.14
150 SST24h 142554.57+344603.2 0.4 0.035 0.56 38.6 43.62 27.5 42.16 2.7 38.01 1.05 -1.10 0.94
151 SST24h 142607.93+345045.4 0.7 0.408 0.46 5 44.9 0.9 42.88 <1 <39.77 2.33 -0.38 <2.70
152 SST24h 142618.65+345703.9 1.0 0.420 0.44 0.6 44.04 · · · · · · <1 <39.80 1.47 · · · <2.73
153 SST24h 142629.15+322906.7 0.3 0.103 0.37 6.9 43.82 11.9 42.75 <1 <38.53 1.25 -0.51 <1.46
154 SST24h 142646.63+322125.6 2.1 0.268 0.49 9.2 44.81 11.6 43.60 <1 <39.39 2.24 0.34 <2.32
155 SST24h 142658.80+333314.0 >3 0.155 0.51 16.4 44.56 · · · · · · 2.6 39.3 1.99 · · · 2.23
156 SST24h 142659.15+333305.1 2.1 0.151 0.52 13 44.44 23.8 43.39 1.5 39.04 1.87 0.13 1.97
157 SST24h 142732.90+324542.0 2.9 0.370 · · · 1.2 44.18 1.5 43.01 <1 <39.68 1.61 -0.25 <2.61
158 SST24h 142819.51+335150.1 0.4 0.493 0.63 4 44.98 8.4 44.01 <1 <39.94 2.41 0.75 <2.87
159 SST24h 142849.79+343240.3 0.5 0.219 0.53 16.3 44.84 10.0 43.34 1.8 39.46 2.27 0.08 2.39
160 SST24h 142919.77+341506.2 1.3 0.424 0.76 2.6 44.65 9.5 43.86 <1 <39.81 2.08 0.60 <2.74
161 SST24h 142935.97+333713.4 0.8 0.424 0.55 3.3 44.76 · · · · · · <1 <39.81 2.19 · · · <2.74
162 SST24h 143000.39+353814.6 0.6 0.243 · · · 7.1 44.58 5.2 43.15 <1 <39.30 2.01 -0.11 <2.23
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163 SST24h 143024.46+325616.4 1.0 0.040 0.58 22.2 43.48 335.0 43.36 1.1 37.75 0.91 0.10 0.68
164 SST24h 143039.27+352351.0 0.4 0.089 0.47 14.4 44.01 6.1 42.32 2 38.7 1.44 -0.94 1.63
165 SST24h 143114.77+334623.0 2.6 0.230 0.45 7.6 44.56 5.4 43.12 <1 <39.25 1.99 -0.14 <2.18
166 SST24h 143115.23+324606.2 0.3 0.024 0.59 9.8 42.71 179.3 42.65 <1 <37.25 0.14 -0.61 <0.18
167 SST24h 143119.79+353418.1 0.8 0.033 0.68 39 43.58 42.3 42.30 1.7 37.77 1.01 -0.96 0.7
168 SST24h 143120.00+343804.2 0.2 0.016 · · · 2.7 41.76 209.5 42.33 <1 <36.89 -0.81 -0.93 <-0.18
169 SST24h 143121.15+353722.0 >3 0.035 · · · 51.9 43.74 · · · · · · 4 38.17 1.17 · · · 1.1
170 SST24h 143125.46+331349.8 2.3 0.023 0.77 15.1 42.85 947.8 43.34 1.1 37.26 0.28 0.08 0.19
171 SST24h 143126.81+344517.9 2.6 0.084 0.54 13.7 43.94 3.3 42.00 <1 <38.35 1.37 -1.26 <1.28
172 SST24h 143156.25+333833.3 0.8 0.033 0.48 27.8 43.43 161.2 42.87 1.6 37.74 0.86 -0.39 0.67
173 SST24h 143228.36+345838.8 2.3 0.131 0.37 5.2 43.9 6.6 42.70 <1 <38.75 1.33 -0.56 <1.68
174 SST24h 143234.90+332832.3 1.7 0.251 · · · 4.2 44.39 7.2 43.33 2.6 39.74 1.82 0.07 2.67
175 SST24h 143326.18+330558.6 0.8 0.243 · · · 4.1 44.35 2.9 42.90 <1 <39.30 1.78 -0.36 <2.23
176 SST24h 143445.32+331346.1 0.7 0.076 0.41 7.7 43.46 8.2 42.31 1.1 38.29 0.89 -0.95 1.19
177 SST24h 143453.85+342744.4 0.8 0.340 · · · 1 44.02 10.9 43.78 <1 <39.61 1.45 0.52 <2.54
178 SST24h 143619.14+332917.9 2.7 0.189 0.75 4.9 43.37 5.0 42.91 <1 <39.07 0.8 -0.35 <2.00
179 SST24h 143628.12+333358.0 0.2 0.264 0.40 7.8 44.66 10.5 43.54 <1 <39.38 2.09 0.28 <2.31
180 SST24h 143632.01+335230.7 0.7 0.088 0.84 9.4 43.82 53.5 43.26 <1 <38.39 1.25 0.00 <1.32
181 SST24h 143636.65+345034.0 0.3 0.278 0.66 2.4 44.19 16.0 43.76 <1 <39.42 1.62 0.50 <2.35
182 SST24h 143641.26+345824.4 >3 0.029 0.61 21.8 43.21 · · · · · · <1 <37.41 0.64 · · · <0.34
183 CG 0598k 145920.6+421610 1.0 0.058 0.75 14.6 41.45 190.1 43.43 <1 <38.01 -1.12 0.17 <0.95
184 CG 0752k 153121.3+470124 0.4 0.021 0.52 48.7 41.11 65.8 42.09 4.9 37.82 -1.46 -1.17 0.75
185 SST24j 160038.84+551018.4 0.3 0.143 0.42 9.7 44.24 2.2 42.31 1.32 38.94 1.67 -0.95 1.87
186 SST24j 160322.81+544237.6 0.2 0.217 0.82 5.3 44.36 8.8 43.28 <1 <39.2 1.79 0.02 <2.13
187 SST24j 160341.36+552612.5 0.1 0.145 0.59 8.9 44.22 4.3 42.61 <1 <38.84 1.65 -0.65 <1.77
188 SST24j 160358.21+555504.9 1.2 0.333 0.39 3.9 44.61 0.3 42.27 <1 <39.59 2.04 -0.99 <2.52
189 SST24j 160408.22+542531.2 1.9 0.264 0.54 7 44.66 0.6 42.29 <1 <39.38 2.09 -0.97 <2.31
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190 SST24j 160408.36+545812.7 0.3 0.064 0.52 20.1 43.85 5.4 41.98 1.68 38.34 1.28 -1.28 1.27
191 SST24j 160440.68+553409.4 0.3 0.078 0.43 15.8 43.92 29.6 42.89 1.41 38.43 1.35 -0.37 1.36
192 SST24j 160730.53+554905.6 0.8 0.116 0.65 7 43.92 30.1 43.25 <1 <38.64 1.35 -0.01 <1.57
193 SST24j 160743.12+554416.3 0.5 0.118 0.63 15.6 44.28 13.7 42.93 <1 <38.65 1.71 -0.33 <1.58
194 SST24j 160801.86+555400.1 1.4 0.062 0.90 6.1 43.30 199.1 43.52 <1 <38.08 0.73 0.26 <1.01
195 SST24j 160832.64+552927.0 0.2 0.065 0.59 8.7 43.50 1.9 41.54 <1 <38.12 0.93 -1.72 <1.05
196 SST24j 160839.78+552331.0 0.4 0.065 0.76 9.7 43.55 17.0 42.49 <1 <38.12 0.98 -0.77 <1.05
197 SST24j 160858.44+553010.5 0.4 0.068 0.61 4 43.21 13.6 42.44 <1 <38.16 0.64 -0.82 <1.09
198 SST24j 160858.70+563636.2 0.7 0.115 0.55 5.2 43.78 16.4 42.98 <1 <38.63 1.21 -0.28 <1.56
199 SST24j 160907.60+552428.3 0.0 0.640 0.53 9.6 45.60 8.6 44.25 <1 <40.18 3.03 0.99 <3.11
200 SST24j 160908.34+552241.2 0.2 0.086 0.57 11.6 43.87 6.4 42.31 <1 <38.37 1.30 -0.95 <1.3
201 SST24j 160931.57+541827.8 0.2 0.083 0.41 7 43.62 7.2 42.34 0.93 38.31 1.05 -0.92 1.24
202 SST24j 160937.59+541259.6 0.3 0.085 0.65 12 43.88 7.1 42.35 0.79 38.26 1.31 -0.91 1.19
203 SST24j 161103.78+544322.4 1.4 0.063 0.45 4.8 43.21 34.5 42.77 0.45 37.74 0.64 -0.49 0.67
204 SST24j 161123.53+545158.5 0.2 0.076 0.47 6 43.47 6.4 42.21 0.43 37.89 0.90 -1.05 0.82
205 SST24j 161223.43+540339.8 2.0 0.139 0.57 7 44.08 32.2 43.45 0.61 38.58 1.51 0.19 1.51
206 SST24j 161233.50+545630.3 0.9 0.085 0.40 7.6 43.68 55.6 43.24 <1 <38.36 1.11 -0.02 <1.29
207 SST24j 161241.14+543957.3 0.9 0.034 0.78 3.6 42.54 18.9 41.97 <1 <37.55 -0.03 -1.29 <0.48
208 SST24j 161254.15+545525.4 0.5 0.065 0.45 14.6 43.73 15.0 42.44 <1 <38.12 1.16 -0.82 <1.05
209 SST24j 161301.86+552123.6 1.5 0.010 0.52 22.7 42.28 24.2 41.01 <1 <36.48 -0.29 -2.25 <-0.58
210 SST24j 161403.03+560756.6 1.3 0.062 0.61 18.2 43.78 33.3 42.74 <1 <38.08 1.21 -0.52 <1.01
211 SST24j 161411.61+540554.4 0.6 0.305 0.45 3.1 44.43 4.2 43.27 <1 <39.51 1.86 0.01 <2.44
212 SST24j 161528.12+534402.1 0.5 0.125 0.60 7.3 44.00 35.6 43.39 <1 <38.7 1.43 0.13 <1.63
213 SST24j 161548.38+534551.2 0.2 0.149 0.56 7.8 44.19 27.5 43.44 <1 <38.86 1.62 0.18 <1.79
214 SST24j 161551.52+541536.1 0.9 0.215 0.56 5.2 44.35 6.2 43.12 <1 <39.19 1.78 -0.14 <2.12
215 SST24j 161644.47+533733.9 0.4 0.149 0.52 11.3 44.35 29.2 43.47 <1 <38.86 1.78 0.21 <1.79
216 SST24j 161659.99+560027.2 0.7 0.063 0.41 16.8 43.76 32.3 42.74 <1 <38.1 1.19 -0.52 <1.03
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No. Name coordinates Ra zb EW(6.2)c fν(7.7)
d νLν(7.7) fν(FUV)
e L(FUV) f(1.4 GHz)f L(radio) SFRg SFRg SFRg
J2000 for 24 µm ′′ µm mJy ergs s−1 µJy ergs s−1 mJy ergs s−1 PAH UV Radio
217 SST24j 161712.33+551852.7 0.1 0.036 0.39 2.9 42.50 39.9 42.34 <1 <37.6 -0.07 -0.92 <0.53
218 SST24j 161716.59+550920.4 0.5 0.085 0.39 4.2 43.42 4.9 42.19 <1 <38.36 0.85 -1.07 <1.29
219 SST24j 161819.33+541859.6 1.3 0.081 0.39 16 43.96 53.0 43.18 1.86 38.59 1.39 -0.08 1.52
220 SST24j 161823.14+552721.3 0.3 0.083 0.64 36.3 44.34 31.4 42.98 2.07 38.66 1.77 -0.28 1.59
221 SST24j 161827.74+552209.2 0.7 0.082 0.53 8.5 43.70 0.8 41.37 <1 <38.33 1.13 -1.89 <1.26
222 SST24j 161843.39+554433.1 0.5 0.156 0.57 9.6 44.32 29.6 43.51 <1 <38.9 1.75 0.25 <1.83
223 SST24j 161950.56+543715.4 0.1 0.144 0.54 10.3 44.28 5.2 42.69 <1 <38.83 1.71 -0.57 <1.76
224 SST24j 162034.04+542324.0 1.3 0.133 0.48 6.7 44.02 36.4 43.46 <1 <38.76 1.45 0.20 <1.69
225 SST24j 162038.14+553521.6 0.2 0.190 0.57 9.4 44.49 6.8 43.05 1.24 39.17 1.92 -0.21 2.1
226 SST24j 162058.88+542512.8 2.6 0.082 0.60 28.6 44.22 75.4 43.34 1.11 38.37 1.65 0.08 1.3
227 SST24j 162059.07+542601.8 0.7 0.042 0.54 2.7 42.61 134.4 43.01 <1 <37.74 0.04 -0.25 <0.67
228 SST24j 162128.00+551452.9 0.8 0.099 0.52 8.7 43.87 14.6 42.8 <1 <38.5 1.30 -0.46 <1.43
229 SST24j 162133.03+551830.1 0.5 0.244 0.37 2.9 44.21 5.2 43.16 <1 <39.3 1.64 -0.10 <2.24
230 SST24j 162150.86+553009.4 0.8 0.098 0.69 11.3 43.97 65.2 43.44 <1 <38.49 1.40 0.18 <1.42
231 SST24j 162210.98+550253.5 1.1 0.030 0.42 31.4 43.38 3.7 41.15 3.3 37.96 0.81 -2.11 0.89
232 SST24j 162214.76+550614.6 0.9 0.238 0.45 7.4 44.59 16.8 43.65 <1 <39.28 2.02 0.39 <2.21
233 SST24j 162313.17+551111.9 >3 0.235 0.59 11.5 44.77 · · · · · · <1 <39.27 2.20 · · · <2.2
234 SST24j 163001.55+410953.3 0.8 0.123 0.58 7.5 44.00 1.1 41.87 <1 <38.69 1.43 -1.39 <1.62
235 SST24j 163220.42+402334.5 1.0 0.079 0.42 9.4 43.70 15.3 42.62 <1 <38.3 1.13 -0.64 <1.23
236 SST24j 163310.94+405642.2 1.6 0.136 0.43 4.2 43.84 7.5 42.8 <1 <38.78 1.27 -0.46 <1.71
237 SST24j 163335.92+401530.1 1.8 0.028 0.63 15.6 43.01 54.5 42.26 <1 <37.38 0.44 -1.00 <0.31
238 SST24j 163359.13+405305.0 1.0 0.031 0.58 15 43.08 13.7 41.75 0.63 37.27 0.51 -1.51 0.2
239 SST24j 163401.84+412052.3 0.5 0.028 0.57 24 43.20 154.9 42.71 1.83 37.65 0.63 -0.55 0.58
240 SST24j 163506.08+411038.2 0.8 0.078 0.52 14.8 43.89 1.1 41.46 0.89 38.23 1.32 -1.80 1.16
241 Mrk 1499k 163521.1+521253 · · · 0.009 0.83 10.2 39.63 · · · · · · 1.5 36.59 -2.94 · · · -0.48
242 SST24j 163546.91+403903.3 0.2 0.122 0.77 10.6 44.14 25.6 43.23 <1 <38.68 1.57 -0.03 <1.61
243 SST24j 163608.15+410507.8 0.7 0.167 0.41 14.6 44.56 10.5 43.12 2.94 39.43 1.99 -0.14 2.36
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e L(FUV) f(1.4 GHz)f L(radio) SFRg SFRg SFRg
J2000 for 24 µm ′′ µm mJy ergs s−1 µJy ergs s−1 mJy ergs s−1 PAH UV Radio
244 SST24j 163705.34+413156.0 0.3 0.120 0.65 15.8 44.30 19.5 43.1 0.99 38.66 1.73 -0.16 1.59
245 SST24j 163715.60+414934.2 0.4 0.122 0.52 5.8 43.88 4.6 42.49 <1 <38.68 1.31 -0.77 <1.61
246 SST24j 163729.31+405248.3 0.3 0.027 0.41 19.2 43.07 11.5 41.55 1.52 37.53 0.50 -1.71 0.46
247 SST24j 163751.28+401439.6 0.3 0.071 0.66 13.9 43.78 34.5 42.88 <1 <38.2 1.21 -0.38 <1.13
248 SST24j 163751.95+401503.6 0.8 0.072 0.69 12.4 43.74 5.9 42.12 <1 <38.21 1.17 -1.14 <1.14
249 SST24j 163805.89+413508.3 0.4 0.118 0.44 4.5 43.74 30.4 43.27 <1 <38.65 1.17 0.01 <1.58
250 SST24j 163808.55+403214.2 1.3 0.225 0.46 9.2 44.63 3.4 42.91 <1 <39.23 2.06 -0.35 <2.16
251 SST24j 163809.68+402844.4 0.7 0.070 0.57 6.3 43.43 16.9 42.56 <1 <38.19 0.86 -0.70 <1.12
252 SST24j 163906.20+404003.7 0.2 0.035 0.63 7.4 42.89 40.7 42.33 <1 <37.58 0.32 -0.93 <0.51
253 SST24j 164043.74+413309.8 0.3 0.153 0.59 7 44.17 12.0 43.1 <1 <38.88 1.60 -0.16 <1.82
254 SST24j 164115.40+410320.8 1.8 0.136 0.58 10.7 44.25 17.9 43.17 1.53 38.96 1.68 -0.09 1.89
255 SST24j 164211.93+410816.4 1.0 0.143 0.51 9 44.22 4.8 42.65 <1 <38.82 1.65 -0.61 <1.75
256 SST24j 171233.85+594026.2 0.2 0.217 0.89 5.1 44.34 23.3 43.7 0.44 38.84 1.77 0.44 1.77
257 SST24h 171239.64+584148.3 0.3 0.166 0.86 11.5 44.45 35.8 43.65 1 38.98 1.88 0.39 1.91
258 SST24h 171308.57+601621.0 0.9 0.334 0.66 5.2 44.74 13.5 43.86 0.6 39.38 2.17 0.60 2.31
259 SST24j 171316.55+583235.5 0.8 0.080 0.52 9.5 43.72 9.7 42.43 0.71 38.15 1.15 -0.83 1.08
260 SST24j 171414.89+585221.9 0.7 0.166 0.59 7.1 44.24 1.4 42.24 0.33 38.48 1.67 -1.02 1.41
261 SST24j 171446.54+593400.3 0.8 0.130 0.62 14.7 44.34 3.3 42.4 1.06 38.76 1.77 -0.86 1.69
262 SST24j 171447.38+583805.9 >3 0.258 0.55 6.7 44.62 · · · · · · 0.56 39.11 2.05 · · · 2.04
263 SST24h 171447.76+593509.6 1.5 0.204 0.75 6.1 44.36 24.8 43.68 0.5 38.88 1.79 0.42 1.81
264 SST24j 171513.93+594639.2 0.7 0.247 0.37 4.1 44.37 19.4 43.74 0.42 38.94 1.80 0.48 1.87
265 SST24h 171542.00+591657.4 0.5 0.119 0.54 12 44.17 6.6 42.62 1.5 38.83 1.6 -0.64 1.76
266 SST24h 171555.23+601348.0 1.6 0.430 0.30 2.5 44.65 1.5 43.13 0.3 39.36 2.08 -0.13 2.29
267 SST24h 171607.21+591456.3 0.5 0.054 0.61 15.5 43.59 83.0 43.02 0.8 37.88 1.02 -0.24 0.81
268 SST24j 171614.52+595423.4 0.4 0.153 0.58 10.4 44.34 9.4 43 0.84 38.81 1.77 -0.26 1.74
269 SST24j 171630.27+601422.5 0.6 0.107 0.63 6.3 43.80 20.9 43.02 0.39 38.15 1.23 -0.24 1.08
270 SST24h 171634.03+601443.6 1.3 0.106 0.93 5.1 43.7 68.9 43.53 0.6 38.35 1.13 0.27 1.28
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271 SST24h 171641.09+591857.2 0.6 0.057 0.71 10.5 43.46 54.1 42.88 0.7 37.82 0.89 -0.38 0.75
272 SST24j 171711.17+602709.4 0.7 0.110 0.53 6.8 43.86 1.3 41.86 0.43 38.22 1.29 -1.40 1.15
273 SST24j 171933.40+592743.2 1.0 0.142 0.45 9.1 44.21 2.4 42.34 1.13 38.87 1.64 -0.92 1.8
274 SST24j 171944.93+595708.1 0.1 0.068 0.60 17.5 43.84 21.7 42.64 1.32 38.29 1.27 -0.62 1.22
275 SST24h 172025.19+591503.5 0.8 0.303 0.69 4.7 44.6 8.7 43.58 0.4 39.11 2.03 0.32 2.04
276 SST24j 172043.33+584026.5 0.4 0.125 0.54 9.7 44.13 5.7 42.6 0.85 38.63 1.56 -0.66 1.56
277 SST24j 172159.50+595034.8 1.6 0.028 0.56 13.8 42.96 17.1 41.76 0.85 37.31 0.39 -1.50 0.24
278 SST24h 172220.27+590949.7 2.5 0.180 0.70 6.4 44.27 10.7 43.20 1.2 39.11 1.7 -0.06 2.04
279 SST24j 172313.15+590533.8 0.9 0.107 0.83 8.3 43.92 36.7 43.27 0.64 38.37 1.35 0.01 1.3
280 SST24h 172348.13+590154.5 0.1 0.318 0.51 3.6 44.53 1.8 42.93 0.3 39.02 1.96 -0.33 1.95
281 SST24j 172355.65+601302.0 1.6 0.175 0.66 8 44.35 40.8 43.75 0.81 38.91 1.78 0.49 1.84
282 SST24j 172356.10+594047.8 0.8 0.284 0.47 3.1 44.37 17.0 43.81 0.2 38.75 1.80 0.55 1.68
283 SST24h 172400.61+590228.2 0.6 0.179 0.44 6.2 44.25 6.7 42.99 1.5 39.19 1.68 -0.27 2.12
284 SST24j 172402.14+600601.5 2.3 0.155 0.45 6 44.11 22.4 43.38 0.59 38.66 1.54 0.12 1.59
285 SST24j 172546.84+593655.5 0.6 0.035 0.50 26.1 43.43 172.3 42.95 1.95 37.87 0.86 -0.31 0.8
286 SST24j 172551.44+601139.4 >3 0.029 0.44 25.2 43.25 · · · · · · 1.03 37.43 0.68 · · · 0.36
287 SST24h 172611.96+592851.8 0.2 0.073 0.56 13 43.78 15.5 42.55 1 38.21 1.21 -0.71 1.14
aDistance in arcsec between coordinate of 24 µm Spitzer source and coordinate of FUV GALEX source; coordinates listed are for 24 µm source. No
entry means that the source was not included in any GALEX observation.
bRedshift from PAH features in IRS spectrum.
cRest frame equivalent width of 6.2 µm PAH feature fit with single gaussian on a linear continuum within rest wavelength range 5.5 µm to 6.9 µm.
dFlux density at peak of 7.7 µm PAH feature.
eFlux density at rest frame 153 nm interpolated with a power law between flux densities in the GALEX catalog measured with the FUV filter (134-179
nm) and the NUV filter (177-283 nm).
fFlux density at rest frame 1.4 Ghz observed with the VLA, usually within the FIRST survey, corrected from observed frame to rest frame 1.4 GHz by
assuming a power law spectrum of index α = -0.7.
gValues listed in table entries are log SFR. Luminosities listed are log νLν . Star formation rates log [SFR(PAH)] = log [νLν(7.7 µm)] - 42.57 for νLν(7.7
µm) the luminosity at the peak of the 7.7 µm feature in ergs s−1 and SFR in M⊙ yr
−1; log [SFR(UV)] = log [νLν(FUV)] - 43.26 for νLν(FUV) in ergs
s−1 and SFR in M⊙ yr
−1; log [SFR(radio)] = log [νLν(1.4 Ghz)] - 37.07 for νLν(1.4 Ghz) in ergs s
−1 and SFR in M⊙ yr
−1(log [νLν(L⊙)] = log [νLν(ergs
s−1)] - 33.59). Luminosity calculations use luminosity distances from E.L. Wright, http://www.astro.ucla.edu/∼wright/CosmoCalc.html, for H0 = 71
km s−1Mpc−1, ΩM=0.27 and ΩΛ=0.73.
hSST24 name derives from discovery at 24 µm with Spitzer Space Telescope surveys; source taken from summary in Weedman and Houck (2008) where
original discovery references are given.
iSource taken from Spitzer Legacy program 30742 (D. Schiminovich, P.I.) for sources within the SWIRE Lockman Hole Field that also have measured
fluxes from GALEX.
jSource taken from Spitzer Legacy program 40539 (G. Helou, P.I.), a flux limited sample from various Spitzer survey fields of sources with fν(24 µm)
> 5 mJy.
kBlue Compact Dwarf from Wu et al. (2006).
Table 2. Infrared and Ultraviolet Star Formation Rates for Markarian Starburst Galaxies
Name coordinates za fν(25 µm)
b fν(FUV)
c νLν(FUV) log[νLν(7.7 µm)]
d SFR(PAH)e SFR(UV)
J2000 mJy µJy ergs s−1 Hz−1 ergs s−1 logM⊙ yr
−1 logM⊙ yr
−1
1 Mrk 13 075614.20+601815.0 0.0046 < 65 476.9 41.62 <41.64 <-0.93 -1.64
2 Mrk 14 081059.30+724740.0 0.0081 151 883.5 42.39 42.51 -0.06 -0.87
3 Mrk 21 094830.80+575815.0 0.0281 109 304.5 43.01 43.45 0.88 -0.25
4 Mrk 25 100351.80+592610.0 0.0100 251 817.4 42.53 42.91 0.34 -0.73
5 Mrk 31 101942.80+572524.0 0.0260 < 65 135.4 42.59 <43.16 <0.59 -0.67
6 Mrk 44 120324.50+384848.0 0.0227 < 65 122 42.43 <43.04 <0.47 -0.83
7 Mrk 52 122542.80+003422.0 0.0071 1050 2311.2 42.69 43.24 0.67 -0.57
8 Mrk 87 082140.30+735918.0 0.0094 118 187.2 41.84 42.53 -0.04 -1.42
9 Mrk 90 083000.00+524150.0 0.0142 156 193.9 42.22 43.01 0.44 -1.04
10 Mrk 93 083642.30+661359.0 0.0177 467 146.6 42.28 43.68 1.11 -0.98
11 Mrk 105 092026.30+712416.0 0.0118 < 65 119.8 41.84 <42.47 <-0.1 -1.42
12 Mrk 140 101628.20+451918.0 0.0055 < 65 737.5 41.97 <41.81 <-0.76 -1.29
13 Mrk 149 103801.60+641559.0 0.0057 194 163.3 41.34 42.31 -0.26 -1.92
14 Mrk 161 110159.00+451341.0 0.0200 400 681 43.06 43.72 1.15 -0.20
15 Mrk 165 111836.30+631650.0 0.0108 < 65 785 42.58 <42.39 <-0.18 -0.68
16 Mrk 168 112546.80+470000.0 0.0342 < 65 157.6 42.89 <43.4 <0.83 -0.37
17 Mrk 185 114116.60+474127.0 0.0104 173 62.7 41.45 42.78 0.21 -1.81
18 Mrk 190 115147.60+484059.0 0.0033 391 2060.9 41.97 42.14 -0.43 -1.29
19 Mrk 193 115528.30+573952.0 0.0172 103 331.7 42.62 43.00 0.43 -0.64
20 Mrk 203 121812.80+441024.0 0.0246 < 65 784.6 43.30 <43.11 <0.54 0.04
21 Mrk 206 122417.00+672624.0 0.0044 221 244.2 41.29 42.14 -0.43 -1.97
22 Mrk 282 140207.20+692859.0 0.0202 < 65 420.8 42.86 <42.94 <0.37 -0.40
23 Mrk 286 141926.70+713518.0 0.0253 704 1223.6 43.52 44.17 1.6 0.26
24 Mrk 307 223556.30+201920.0 0.0185 189 1403 43.31 43.33 0.76 0.05
25 Mrk 316 231340.50+140116.0 0.0409 < 65 439.4 43.50 <43.56 <0.99 0.24
26 Mrk 319 231838.30+251358.0 0.0270 542 330.9 43.01 44.11 1.54 -0.25
27 Mrk 326 232806.20+233153.0 0.0119 715 506.7 42.48 43.51 0.94 -0.78
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c νLν(FUV) log[νLν(7.7 µm)]
d SFR(PAH)e SFR(UV)
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28 Mrk 353 010316.40+222034.0 0.0156 574 265.5 42.43 43.66 1.09 -0.83
29 Mrk 357 012240.60+231015.0 0.0529 < 65 1164.7 44.15 <43.78 <1.21 0.89
30 Mrk 363 015058.50+215951.0 0.0098 270 772.3 42.50 42.93 0.36 -0.76
31 Mrk 369 023728.20+210831.0 0.0136 < 65 486.5 42.58 <42.59 <0.02 -0.68
32 Mrk 373 065435.10+502109.0 0.0197 316 179.3 42.47 43.60 1.03 -0.79
33 Mrk 391 085446.30+393219.0 0.0133 145 284.5 42.32 42.92 0.35 -0.94
34 Mrk 401 093017.00+293224.0 0.0057 562 1224.8 42.22 42.77 0.2 -1.04
35 Mrk 409 094941.20+321316.0 0.0051 < 65 697.9 41.88 <41.74 <-0.83 -1.38
36 Mrk 412 095759.70+321422.0 0.0150 < 65 854.6 42.91 <42.68 <0.11 -0.35
37 Mrk 413 095915.90+314200.0 0.0386 < 65 132.3 42.92 <43.5 <0.93 -0.34
38 Mrk 420 110340.30+375546.0 0.0430 < 65 429.8 43.53 <43.6 <1.03 0.27
39 Mrk 439 122436.20+392259.0 0.0035 707 3756.1 42.28 42.45 -0.12 -0.98
40 Mrk 446 125008.70+330933.0 0.0237 288 715 43.23 43.72 1.15 -0.03
41 Mrk 465 140124.00+364800.0 0.0090 90 650.2 42.35 42.38 -0.19 -0.91
42 Mrk 480 150633.80+423829.0 0.0180 199 522.9 42.85 43.32 0.75 -0.41
43 Mrk 489 154421.50+410511.0 0.0317 < 65 972.2 43.62 <43.33 <0.76 0.36
44 Mrk 496 161140.70+522724.0 0.0293 1113 1158.8 43.63 44.50 1.93 0.37
45 Mrk 529 231422.20-024341.0 0.0118 228 580.3 42.53 43.02 0.45 -0.73
46 Mrk 538 233614.10+020919.0 0.0093 2850 4189.8 43.18 43.91 1.34 -0.08
47 Mrk 545 000953.40+255526.0 0.0152 1082 966.3 42.97 43.91 1.34 -0.29
48 Mrk 575 014833.10+123650.0 0.0183 491 108.1 42.18 43.73 1.16 -1.08
49 Mrk 602 025950.60+024617.0 0.0095 625 157.2 41.77 43.26 0.69 -1.49
50 Mrk 638 114137.90+375931.0 0.0222 145 392.7 42.91 43.37 0.8 -0.35
51 Mrk 684 143104.80+281714.0 0.0461 129 1647.1 44.18 43.96 1.39 0.92
52 Mrk 708 094211.50+044023.0 0.0068 765 76.9 41.17 43.06 0.49 -2.09
53 Mrk 710 095449.50+091616.0 0.0049 426 1251.9 42.09 42.51 -0.06 -1.17
54 Mrk 711 095511.30+132546.0 0.0192 397 156 42.38 43.68 1.11 -0.88
Table 2—Continued
Name coordinates za fν(25 µm)
b fν(FUV)
c νLν(FUV) log[νLν(7.7 µm)]
d SFR(PAH)e SFR(UV)
J2000 mJy µJy ergs s−1 Hz−1 ergs s−1 logM⊙ yr
−1 logM⊙ yr
−1
55 Mrk 717 101040.30+242451.0 0.0212 765 217.2 42.62 44.05 1.48 -0.64
56 Mrk 719 101559.90+045717.0 0.0320 < 65 498.3 43.34 <43.34 <0.77 0.08
57 Mrk 732 111349.70+093511.0 0.0292 < 65 415 43.18 <43.26 <0.69 -0.08
58 Mrk 743 113813.00+120643.0 0.0033 180 2982.4 42.13 41.80 -0.77 -1.13
59 Mrk 752 115243.40+014427.0 0.0204 260 989.8 43.24 43.55 0.98 -0.02
60 Mrk 759 121037.50+160159.0 0.0072 537 4418 42.99 42.96 0.39 -0.27
61 Mrk 764 121600.00+124114.0 0.0661 < 65 242.1 43.66 <43.98 <1.41 0.40
62 Mrk 769 122525.50+162812.0 0.0057 1048 5770.3 42.90 43.04 0.47 -0.36
63 Mrk 781 125350.80+094236.0 0.0094 < 65 465.5 42.24 <42.28 <-0.29 -1.02
64 Mrk 789 133224.20+110623.0 0.0315 618 451.5 43.28 44.30 1.73 0.02
65 Mrk 809 142233.30+134302.0 0.0256 211 332.7 42.95 43.64 1.07 -0.31
66 Mrk 863 155625.90+090319.0 0.0423 2442 340.6 43.42 45.16 2.59 0.16
67 Mrk 897 210745.80+035240.0 0.0263 < 65 249.3 42.86 <43.17 <0.6 -0.40
68 Mrk 912 222815.00-025304.0 0.0166 165 81.3 41.97 43.17 0.6 -1.29
69 Mrk 921 224830.70+314652.0 0.0128 < 65 379.3 42.42 <42.54 <-0.03 -0.84
70 Mrk 1002 013717.50+055240.0 0.0106 787 653.6 42.49 43.46 0.89 -0.77
71 Mrk 1012 015657.80-052410.0 0.0163 522 218.2 42.39 43.66 1.09 -0.87
72 Mrk 1158 013459.30+350222.0 0.0153 219 402.7 42.60 43.22 0.65 -0.66
73 Mrk 1259 103833.80-071015.0 0.0073 < 65 2443.7 42.73 <42.05 <-0.52 -0.53
74 Mrk 1301 113550.00+352007.0 0.0053 < 65 177.5 41.33 <41.78 <-0.79 -1.93
75 Mrk 1308 115412.30+000812.0 0.0038 205 1749.2 42.03 41.99 -0.58 -1.23
76 Mrk 1379 141740.20-072503.0 0.0086 817 2117.7 42.83 43.31 0.74 -0.43
aOptical redshift from Balzano (1983).
bFlux density fν(25 µm) from IRAS Faint Source Catalog.
cFlux density at rest frame 153 nm interpolated with a power law between flux densities in the GALEX catalog measured with the FUV
filter (134-179 nm) and the NUV filter (177-283 nm).
dνLν(7.7 µm) derived by transforming fν(25 µm) to fν(7.7 µm) using average infrared spectra for sources with 42 < log [νLν (15 µm)] <
44 in Weedman and Houck (2009), for which fν(25 µm)/fν(7.7 µm) = 2.6±1.2.
eStar formation rates log [SFR(PAH)] = log [νLν(7.7 µm)] - 42.57 for νLν(7.7 µm) the luminosity at the peak of the 7.7
µm feature in ergs s−1 and SFR in M⊙ yr
−1; log [SFR(UV)] = log [νLν(FUV)] - 43.26 for νLν(FUV) in ergs s
−1 and SFR
in M⊙ yr
−1(log [νLν(L⊙)] = log [νLν(ergs s
−1)] - 33.59). Luminosity calculations use luminosity distances from E.L. Wright,
http://www.astro.ucla.edu/∼wright/CosmoCalc.html, for H0 = 71 km s
−1Mpc−1, ΩM=0.27 and ΩΛ=0.73.
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Fig. 1.— Coordinate differences between GALEX and Spitzer positions for sources in Table
1, shown as function of fν(7.7µm) to illustrate that measured positional differences do not
depend on brightness. Crosses are measured differences; triangles are sources with differences
> 3′′; diamonds are BCD sources without PAH features. Median difference is 0.64′′.
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Fig. 2.— Overplots of Spitzer IRS spectra for all 25 sources in the Spitzer 10 mJy sample
of Weedman and Houck (2008) which have SDSS classifications as starburst (HII for SDSS
classification, instead of any AGN classification). All spectra are normalized to fν(7.7µm) =
1 mJy; uniformity of the PAH features among starbursts is illustrated by the small scatter in
PAH strengths. Primary spectroscopic differences are among the slopes of the dust contin-
uum underlying PAH features; representative fit to dust continuum shown by diagonal solid
line. Strong PAH emission feature at 7.7 µm is feature used in text to measure SFR(PAH)
using νLν(7.7 µm).
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Fig. 3A.— Comparison of SFR(radio) measured from radio 1.4 GHz continuum luminosity
to SFR(PAH) from 7.7 µm PAH luminosity for all sources with radio detections in Table
1 (asterisks are BCDs). Horizontal line is the median value of 0.0, indicating no offset in
SFR(PAH) compared to SFR(radio). νLν(7.7 µm) is the luminosity at the peak of the
7.7 µm feature in ergs s−1 (log [νLν(7.7 µm)(L⊙)] = log [νLν(7.7 µm)(ergs s
−1)] - 33.59).
SFR(radio) determined from log [SFR(radio)] = log [νLν(1.4 Ghz)] - 37.07 for νLν(1.4 Ghz)
in ergs s−1 and SFR(radio) in M⊙ yr
−1. SFR(PAH) determined from log [SFR(PAH)] = log
[νLν(7.7 µm)] - 42.57. Error cross in lower right hand corner shows 1σ uncertainties in both
directions; uncertainty for SFR(PAH) arises from uncertainty in determining transformation
from νLν(7.7 µm) to the total Lir which determines SFR; uncertainty in luminosity arises
from ∼ 10% uncertainty in measurement of fν(7.7 µm). (Using empirically determined
transformation between νLν(7.7 µm) and total infrared luminosity Lir, log Lir = log νLν(7.7
µm) - 32.80±0.2 for Lir in L⊙ and νLν(7.7 µm) in ergs s
−1
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Fig. 3B.— Comparison of limits on SFR(radio) measured from radio 1.4 GHz continuum
luminosity to SFR(PAH) from 7.7 µmPAH luminosity for all sources without radio detections
in Table 1 using 1 mJy as the limit for fν(1.4 Ghz) (asterisk is a BCD). Limit is in the sense
that SFR(PAH)/SFR(radio) is actually greater than the limit plotted. Horizontal line is the
median of 0.0 for the detected sources in Figure 3A; as expected, the median for limits is
less than 0.0.
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Fig. 4.— Comparison of SFR(UV) measured from ultraviolet continuum luminosity to
SFR(PAH) from infrared PAH luminosity for sources in Table 1 (asterisks are BCDs). Ul-
traviolet SFR determined from log [SFR(UV)] = log [νLν(FUV)] - 43.26 for νLν(FUV) in
ergs s−1 and SFR(UV) in M⊙ yr
−1. SFR(PAH) determined from log [SFR(PAH)] = log
[νLν(7.7 µm)] - 42.57. SFR(PAH) exceeds SFR(UV), as would expected for extinction by
dust of the ultraviolet continuum; median value of ratio log [SFR(PAH)/SFR(UV)] = 1.67,
indicating that only 2% of the ultraviolet continuum typically escapes a starburst; ratio in-
creases with infrared PAH luminosity according to the linear fit which is shown, of form log
[SFR(PAH)/SFR(UV)]= (0.53±0.05)log [νLν(7.7 µm)] - 21.49±0.18. Error cross in lower
right hand corner shows 1σ uncertainties in both directions; uncertainty for SFR(PAH) arises
from uncertainty in determining transformation from νLν(7.7 µm) to the total Lir which de-
termines SFR; uncertainty in luminosity arises from ∼ 10% uncertainty in measurement of
fν(7.7 µm). (Using empirically determined transformation between νLν(7.7 µm) and total
infrared luminosity Lir, log Lir = log νLν(7.7 µm) - 32.80±0.2 for Lir in L⊙ and νLν(7.7 µm)
in ergs s−1.)
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Fig. 5.— Fraction of intrinsic ultraviolet luminosity from starbursts which emerges without
being absorbed by dust, defined in text as Luv/Luv(starburst). Solid curve shows fraction
as measured by SFR(UV)/[SFR(PAH) + SFR(UV)] from equation (2); vertical bars show
± 1σ range of values using Luv/(Lir + Luv) for ultraviolet-selected galaxies in Buat et al.
(2007). Zero value corresponds to source without any dust extinction.
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Fig. 6.— Comparison of SFR(UV) measured from ultraviolet continuum luminosity to
SFR(PAH) from infrared PAH luminosity for Markarian galaxies in Table 2, using same
relations for SFR(UV) and SFR(PAH) as in Figure 4. Markarian galaxies have fν(25 µm)
observed by IRAS, which is transformed to fν(7.7 µm) using average infrared spectra for
sources with 42 < log [νLν(15 µm)] < 44 in Weedman and Houck (2009), for which fν(25
µm)/fν(7.7 µm) = 2.6±1.2. Error cross in lower right hand corner shows 1σ uncertainties in
both directions; uncertainty for SFR(PAH) arises from uncertainty in determining transfor-
mation from νLν(7.7 µm) to the total Lir which determines SFR combined with uncertainty
in assumed ratio fν(25 µm)/fν(7.7 µm); uncertainty in luminosity arises from uncertainty
in ratio of fν(25 µm)/fν(7.7 µm). Diamonds correspond to upper limits in ratio for sources
detected by GALEX but not by IRAS with IRAS limit taken as 65 mJy; limit is in the
sense that SFR(PAH)/SFR(UV) is smaller than limit shown. Linear fit shown has form
log [SFR(PAH)/SFR(UV)]= (0.38±0.08)log νLν(7.7 µm) - 15.27±0.25. (Using empirically
determined transformation between νLν(7.7 µm) and total infrared luminosity Lir, log Lir
= log νLν(7.7 µm) - 32.80±0.2 for Lir in L⊙ and νLν(7.7 µm) in ergs s
−1.)
